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ABSTRACT 


At Barton Canyon, Cherry Creek Range, east-central Nevada, a two-meter interval of the Bullwhacker Member of the Late 
Steptoean—Sunwaptan Windfall Formation has yielded abundant silicified sclerites. This Late Sunwaptan (Late Cambrian) assem- 
blage, assigned to the informal Bowmania lassieae Fauna, is correlative with the Prosaukia pyrene Subzone of Texas, and with 


the uppermost ///aenurus Fauna of southern Alberta. At least 15 species are present, and these represent 14 genera; Cherrycreekia 


and Glaberaspis are new. New species are Prosaukia oldyelleri, Sunwaptia plutoi, Euptychaspis dougali, Eurekia rintintini, 


Bowmania lassieae, Cherrycreekia benjii, and Glaberaspis scoobydooi. 


INTRODUCTION 


North American silicified trilobites of Ordovician 
age were studied intensively in the 1950s by Evitt 
(1951), Ross (1951), Hintze (1953), Whittington and 
Evitt (1954) and Whittington (1956, 1959), and the 
morphologic and ontogenetic information provided by 
this work contributed greatly to the understanding of 
the phylogenetic relationships of post-Cambrian 
groups. In contrast, silicified faunas are virtually un- 
known in the Cambrian (see Ludvigsen, 1982, for an 
important exception) and their phylogenetic potential 
is largely untapped. Here we document a new silicified 
fauna from a Late Cambrian (Sunwaptan) sequence in 
the Cherry Creek Range of east-central Nevada. Al- 
though it lacks early ontogenetic stages, the fauna pro- 
vides new insight into the morphology of a variety of 
genera. The fauna is also of significance because, al- 
though the trilobites of the underlying Steptoean stage 
have received considerable attention (Palmer, 1960, 
1962, 1965), Sunwaptan trilobites of the Great Basin 
are essentially undocumented (see Taylor, 1976, for an 
exception). 


The fauna was collected from a two-meter interval 
of the upper Bullwhacker Member of the Windfall For- 
mation (Text-fig. 1) on the eastern side of the Cherry 
Creek Range, about 10 km north of the town of Cherry 
Creek (Text-fig. 2). The measured section runs along 
the crest of the ridge that forms the north side of Bar- 
ton Canyon. Here, the upper Bullwhacker is composed 
of thin-bedded, fossiliferous calcareous sandstones and 
sandy bioclastic grainstones, with minor oolitic pack- 
and grainstones, intrarudites and thrombolitic micro- 
bial buildups (Text-fig. 3). The fauna includes 15 spe- 
cies, six of which are new. 
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Text-figure 1.—A. Steptoean—Early Ibexian lithostratigraphy, Cherry Creek Range. B. Correlation of lithostratigraphic units immediately to 
the south of the study area, along an east-west transect from the House Range (west-central Utah) to the Hot Creek Range (central Nevada) 


(modified from Osleger and Read, 1993). 


STRATIGRAPHIC AND ENVIRONMENTAL 
SETTING 


STRATIGRAPHY 


The Windfall Formation (Nolan er al., 1956) was 
established in the Eureka Mining District of east-cen- 
tral Nevada for a sequence of carbonates that overlies 
the shales and interbedded carbonates of the Dunder- 
berg Formation. The formation has also been recog- 
nized to the east and northeast of Eureka, in the Cherry 
Creek, northern Egan, and northern Schell Creek rang- 
es (Palmer, 1971). Nolan et al. (1956) divided the 
Windfall into, in ascending order, the Catlin and Bull- 
whacker members. In the type area, the Catlin is com- 
posed of two distinct lithologies. The lower nine me- 
ters consists of thick-bedded, light-colored lime mud- 
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Text-figure 2—Locality Map, showing the measured section 
along the ridge at the north side of Barton Canyon, Cherry Creek 
Range. 


stones, and this is succeeded by about 75 meters of 
thin-bedded cherty carbonates. Farther to the east, in 
the northern Schell Creek Range, Young (1960) as- 
signed the lower, light-colored carbonates to the Bar- 
ton Canyon Limestone (named for, and well exposed 
at, the sample locality of this study), effectively re- 
stricting the Catlin to the overlying cherty carbonates. 
Subsequent workers (e.g., Palmer, 1965, 1971) have 
followed Young in separating the Barton Canyon from 
the Catlin, and the three-fold division of the Windfall 
Formation is used herein (Text-fig. 1A). 

The upper boundary of the Windfall Formation in 
the Cherry Creek Range is placed immediately below 
the base of a massive, cliff-forming unit that is com- 
posed of stacked thrombolitic and stromatolitic micro- 
bial buildups (Text-fig. 4). In previous work, Adair 
(1961) placed this buildup-bearing interval at the base 
of the “‘Pogonip Group.” More recently, Osleger and 
Read (1993) interpreted a correlative interval of build- 
ups farther to the south, in the White Pine Range, as 
a tongue of the Notch Peak Formation. In its type area 
of the southern House Range, Utah, the Notch Peak 
includes a thick interval of buildups (Hintze, 1973; 
Hintze er al., 1988), and Osleger and Read’s interpre- 
tation is followed herein. 

The Barton Canyon Limestone yields faunas of the 
Elvinia Zone, with the base of the /rvingella major 
Zone (basal Sunwaptan) lying about 10 cm below the 
top of the member (Palmer, 1965; Adrain and Westrop, 
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Text-figure 3.—Stratigraphic column through the upper Bull- 
whacker Member, Barton Canyon, Cherry Creek Range, showing 
the interval that yielded the trilobite faunas described herein. Scale 
in meters above the base of the Catlin Member. The entire Bull- 
whacker is about 270 m in thickness at this locality. 1, sandy bio- 


clastic limestone and calcareous sandstone; 2, wave-rippled oolitic 
grainstone; 3, bioclastic rudstone; 4, intraclastic rudstone; 5, throm- 
bolitic microbial buildups. 


unpublished data). The basal few centimeters of the 
Catlin Member contains a fauna that includes Elvinia 
roemeri (Shumard, 1861), and this is followed by a 
15-m interval with undescribed species of Loganellus 
Devine, 1863, Wujiajiania? Lu and Lin, 1980, and 


Drumaspis Resser, 1942 (Adrain and Westrop, unpub- 
lished data). The remainder of the Catlin is unfossil- 
iferous, but the faunas of the lower 100 m of the Bull- 
whacker resemble the deep subtidal assemblages of the 
Rabbitkettle Formation of northwestern Canada (Lud- 
vigsen, 1982; Westrop, 1995), and include /diomesus 
Raymond, 1924, Yukonaspis Kobayashi, 1936a, Ta- 
tonaspis Kobayashi, 1935, Parabriscoia Kobayashi, 
1935, Hungaia Walcott, 1914, Elkanaspis Ludvigsen, 
1982, Naustia Ludvigsen, 1982 and Eurekia Walcott, 
1916. The upper Bullwhacker includes the fauna de- 
scribed herein, and its age and correlation are dis- 
cussed below. 

The base of the Notch Peak Formation is a 50-cm- 
thick bed of sandy, cross-bedded bioclastic rudstone 
that provides the foundation for the overlying micro- 
bial buildups. The trilobite fauna of this rudstone in- 
cludes Eurekia longifrons Westrop, 1986b and Men- 
iscocoryphe platycephala (Kobayashi, 1935), and 
demonstrates that the Windfall-Notch Peak boundary 
correlates with the Saukiella junia Subzone of 
Oklahoma (Stitt, 1971, 1977) and Texas (Longacre, 
1970), and the Proricephalus wilcoxensis Fauna of Al- 
berta (Westrop, 1986b). 

The buildup-bearing interval assigned to the Notch 
Peak Formation is overlain by a thick interval of large- 
ly unstudied carbonates. The lower 25 m consist most- 
ly of bioturbated lime mudstones, with chert horizons 
appearing about 20 m above the top of the buildups. 
A silicified trilobite fauna was recovered 24.15 m 
above the top of the buildups, and this contains Apo- 
planias Lochman, 1964, Symphysurina Ulrich, in Wal- 
cott, 1924, and Parakoldinioidia stitti Fortey, 1983. It 
likely correlates with the upper Missisquoia or lower 
Symphysurina zones (e.g., Stitt, 1977), an interval 
which lies near the top of the Notch Peak Formation 
in west-central Utah (Hintze ef al., 1988). 


SEDIMENTARY FACIES 


The thin-bedded, cherty lime mudstones and shales 
of the Catlin Member record a sharp deepening fol- 
lowing the deposition of the shallow subtidal lime- 
stones of the Barton Canyon Limestone (see Brady and 
Rowell, 1976, for interpretation of the Barton Canyon 
Limestone and correlatives). The contact between the 
Catlin and the Bullwhacker Member is not exposed, 
and the latter is at least 270 m thick. The lower 100 
m of the Bullwhacker consists of thin-bedded, unbi- 
oturbated lime mudstones with thin, dolomitic part- 
ings, and closely resembles the deep shelf facies of the 
Rabbitkettle Formation of northwest Canada (e.g., 
Ludvigsen, 1982, fig. 12D; Westrop, 1995, text-fig. 3). 
In higher parts of the Bullwhacker, lime mudstones are 
extensively bioturbated and dolomite-mottled, sug- 
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Text-figure 4.—Skyline along ridge immediately to the north of the measured section, showing topographic expression of the Windfall and 
Notch Peak formations. D.R, Dunderburg Formation; B.C.L., Barton Canyon Limestone; C.M., Catlin Member; B.M., Bullwhacker Member; 
N.P.F, Notch Peak Formation; ?, unstudied cliff-forming carbonates of the ‘‘Pogonip Group.” Stratigraphic thickness from the base of the 


Catlin Member to the top of the lower, resistant cliff formed by the Notch Peak buildup complex is 514.5 m. 


gesting shallower, more oxygenated, subtidal condi- 
tions. In the upper 60 m of the Bullwhacker (Text-fig. 
3), bioturbated lime mudstones are minor components 
of a succession that includes sandy bioclastic grain- 
stones and calcareous sandstones. Shallow subtidal 
conditions (above storm wave base) are indicated by 
intraclastic rudstones (“‘flat pebble conglomerates”) 
and pebbly intraclastic grainstones. Wave-rippled 0o- 
litic grainstones and thrombolitic buildups (1.5—3 m in 
thickness) also point to shallow-water conditions. 
The Bullwhacker Member may be interpreted as re- 
cording upward-shoaling from deep subtidal condi- 
tions, culminating with the appearance of the thick, 
microbial buildup complex recorded by the Notch 
Peak Formation. The appearance of quartz sand and 
silt in the upper Bullwhacker (about 20 m below the 
fauna described herein) may be of more than local sig- 
nificance. Osleger (1995; Osleger and Read, 1993) 
suggested that a sequence boundary could be recog- 
nized within the lower Saukia Zone throughout south- 
ern Laurentia (Virginia—Tennessee, Oklahoma, Texas 
and west-central Utah). The biostratigraphic control 
presented by Osleger (1995) is limited, but the calcar- 
eous sandstones and sandy carbonates of the Bull- 
whacker may be an expression of the same sea-level 


fall. 
AGE AND CORRELATION OF THE FAUNA 


The assemblage described here is assigned to an in- 


formal biostratigraphic unit, the Bowmania lassieae n. 


sp. Fauna. Several species occur in other parts of North 
America, including ///aenurus montanensis Kobayash1, 
1935, Cherrycreekia benjii n. sp., and Corbinia im- 
plumis Winston and Nicholls, 1967. At Wilcox Peak, 
southern Alberta (Westrop, 1986b, text-fig. 31), 7 
montanensis and C. benjii have been recorded from 
the upper part of the ///aenurus Zone, where they are 
separated by less than two meters of strata. Prorice- 
phalus scapane (Longacre, 1970) occurs with C. benjii 
in Alberta and is also present in the Prosaukia pyrene 
Subzone of the Wilberns Formation, central Texas 
(Longacre, 1970). 

Corbinia implumis is known from two figured spec- 
imens (Winston and Nicholls, 1967, pl. 9, fig. 3; Lon- 
gacre, 1970, pl. 3, fig. 13) from Texas that, according 
to boundaries defined by Longacre (1970, pp. 11—12), 
occur in the P. pyrene Subzone. In Alberta, this spe- 
cies extends from the upper ///aenurus Zone into the 
overlying Proricephalus wilcoxensis Fauna (Westrop, 
1986b). 

Although the biostratigraphic data support a corre- 
lation with the upper ///aenurus Zone of Alberta and 
the Prosaukia pyrene Subzone of Texas, we have not 
assigned the fauna from the silty and sandy carbonates 
of the upper Bullwhacker to either of these units. 
Quantitative analyses of Late Sunwaptan_ trilobite 
abundance and distribution (Ludvigsen and Westrop, 
1983a; Westrop, 1986b, 1995, 1996) have demonstrat- 
ed profound facies control, especially in carbonate en- 
vironments. Assemblages track lithofacies changes 
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(e.g., Westrop, 1996, fig. 9), and this provides un- 
equivocal evidence for the existence of environmen- 
tally controlled trilobite biofacies. Ludvigsen and Wes- 
trop (1983a; see also Ludvigsen et al., 1986) advocat- 
ed the use of separate zonations for different facies 
belts, and argued that correlation between zonations is 
best achieved through occurrences of relatively rare, 
widespread species. In contrast, Loch er al. (1993) ig- 
nored the complexities of facies control, and attempted 
to force all shallow-water facies into a single “‘stan- 
dard” zonation based on the succession in southern 
Oklahoma and central Texas. They noted that the first 
occurrences of Calvinella tenuisculpta Walcott, 1914, 
a species that occurs at the base of the Saukiella ser- 
otina Subzone in Oklahoma, and Stenopilus glaber 
(Westrop, 1986b) are within three meters of each other 
in Alberta. From this, they concluded that the Steno- 
pilus glaber Fauna of the latter region and the Sau- 
kiella serotina Subzone were equivalent. Calvinella 
tennuisculpta is, however, very rare in the Mistaya 
Formation (nine cranidia from three collections rep- 
resent less than two percent of the trilobites recovered 
from the S. glaber Fauna; Westrop, 1984), so that it is 
unlikely that the first appearance in Alberta is syn- 
chronous with that in Oklahoma. As noted by Loch er 
al. (1993), C. tenuisculpta and S. glaber make their 
first occurrence in the same collection in a section at 
Mt. Murchison. They fail to mention, however, that 
this is the on/y collection from the Mistaya Formation 
at that locality, and is separated from the closest un- 
derlying sample by more than 100 meters (Westrop, 
1986b, fig. 24). As such, it says nothing about the 
order of appearance of these species. Similarly, their 
(Loch et al., 1993, p. 503) observation that the epon- 
ymous species is absent from the S. glaber Zone at 
Chaba Creek is irrelevant because the single collection 
from that locality contains only four trilobite sclerites 
(Westrop, 1984). Finally, the species that can be used 
to assign their section at Mt. Wilson to the Saukiella 
serotina Subzone are either poorly preserved, very 
rare (e.g., Euptychaspis kirki Kobayashi, 1935, is rep- 
resented by only one cranidium; Loch er al., 1993, 
Appendix 1) or misidentified (the larger of the two 
cranidia assigned to “Briscoia” Ilanoensis Winston 
and Nicholls, 1967, by Loch er al. [1993, fig. 6.18] 
shows a clearly defined anterior border and short preg- 
labellar field that is not present on material from the 
type area in Texas [Winston and Nicholls, 1967, pl. 
10, figs. 1, 3, 5]). Thus, although an approximate cor- 
relation between Alberta and Oklahoma-Texas is pos- 
sible (Westrop, 1986b), use of a common zonal no- 
menclature implies a degree of accuracy that is not 
supported by the available data. 


SYSTEMATIC PALEONTOLOGY 


INTRODUCTION 


Our approach to systematic treatment of fossils is 
essentially that laid out by Smith (1994), and our spe- 
cles concept corresponds to what he defined as 
“phena.”” Morphological terminology follows Whit- 
tington (1997). Specimens are reposited in the Pale- 
ontology Repository, Department of Geoscience, Uni- 
versity of Iowa, with specimen numbers prefixed SUI. 
Trilobites were photographed using a Leitz Aristophot 
macrophotography system and Kodak Technical Pan 
film. Negatives were scanned using a Polaroid nega- 
tive scanner to produce digital images, which were ma- 
nipulated using Adobe Photoshop. 


Class TRILOBITA Walch, 1771 
Family DIKELOCEPHALIDAE Miller, 1889 


Discussion.—The problematic nature of many di- 
kelocephalid genera has been discussed often over the 
last 25 years (e.g. Taylor, in Taylor and Halley, 1974; 
Ludvigsen and Westrop, 1983b; Westrop, 1986b) but 
little progress has been made. The large number of 
taxa involved and their broad geographic distribution 
(e.g., Shergold, 1975; Ergaliev, 1980; Peng, 1984, 
1992) make revision of the Dikelocephalidae a daunt- 
ing task that is well beyond the scope of this study. 


Genus DIKELOCEPHALUS Owen, 1852 


Type species.—Dikelocephalus minnesotensis 
Owen, 1852, p. 574. 

Discussion.—The presence of a pair of posterolateral 
pygidial spines has generally been considered to be a 
diagnostic character of Dikelocephalus Owen (e.g., 
Westrop, 1986b; Hughes, 1994). Apart from the ab- 
sence of marginal spines, pygidia of several species cur- 
rently assigned to Briscoia Walcott, 1924, (e.g., Wes- 
trop, 1986b, pl. 2, figs. 3, 4) differ little from those of 
Dikelocephalus. It is also clear that the holaspid onto- 
genetic development of the frontal area in cranidia of 
Briscoia, in which the distinction between the pregla- 
bellar field and anterior border is lost (e.g., Westrop, 
1986b, pl. 2, figs. 1, 5, 6, 7) is similar to that of Di- 
kelocephalus. Indeed, as noted by Westrop (1986b, p. 
29), only the more anteriorly positioned palpebral lobe 
separates cranidia of Briscoia from Dikelocephalus, but 
similarly positioned palpebral lobes occur in a variety 
of other dikelocephalid genera (e.g., Longacre, 1970, 
pl. 4, figs. 16, 17; Taylor and Halley, 1974, pl. 2, fig. 
2; Westrop, 1986b, pl. 4, figs. 1, 10). Thus, even if well- 
developed pygidial spines and posteriorly positioned 
palpebral lobes are apomorphies of Dikelocephalus, rec- 
ognition of the genus may create paraphyly in Briscoia. 
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Resolution of this problem must await a comprehensive 
revision of the Dikelocephalidae. 


Dikelocephalus minnesotensis Owen, 1852 
Plate 1, figures 1-26 
Dikelocephalus minnesotensis Owen, 1852, p. 574, pl. 1, figs. 1, 2 
(only), pl. la, figs. 3, 6; Hughes, 1994, p. 53, pls. 1-8, pl. 10, 
figs. 14, 15, pl. 11 (see for complete synonymy); Stitt and Straat- 
man, 1997, p. 86. 


Figured material.—One cranidium (SUI 99042), 
two pygidia (SUI 99048, 99051), one hypostome (SUI 
99043), four librigenae (SUI 99045-99047) and two 
thoracic segments (SUI 99049, 99050). 

Discussion.—Hughes (1994), in his analysis of phe- 
notypic variation in the type area of the Upper Miss- 
sissippi1 Valley, advocated a broad species concept for 
Dikelocephalus minnesotensis. At least one other spe- 
cies, D. freebergensis Feniak (in Bell et al., 1952: 
Hughes, 1994, pl. 9, figs. 3-5, 17-19), may be repre- 
sented in the Sunwaptan of the Upper Mississippi Val- 
ley (see Hughes, 1994, p. 57). It differs from D. min- 
nesotensis in such pygidial features as longer, stouter 
marginal spines and a more transverse posterior py- 
gidial margin. 

Pygidia from the Bullwhacker Member (PI. 1, figs. 
13, 18, 19, 22—26) possess a fourth axial ring that is 
poorly differentiated from the terminal piece and fall 
within the range of variation of specimens of D. min- 
nesotensis illustrated by Hughes. The pygidial dou- 
blure (Pl. 1, fig. 26) is very broad, and has a prominent 
medial notch beneath the terminal piece of the axis. In 
contrast, the doublure of Prosaukia oldyelleri n. sp. 
(Pl. 3, figs. 1, 18) is narrower, with an anterior margin 
that is bluntly rounded medially and extends forward 
only as far as the end of the postaxial ridge. A dou- 
blure similar to that of P. oldyelleri is also present in 
pygidia of Calvinella palpebra Ludvigsen (1982, fig. 
58J) and, judging from the position of the faint para- 
doublural furrow or inflexion on the pleural field, in 
Hoytaspis speciosa (Walcott) (Ludvigsen and Westrop, 
1983b, pl. 15, figs. 11-13), P. corrugata Rasetti (1959, 
pl. 54, figs. 6, 7) and P. stosei (Walcott) (Rasetti, 1959, 
pl. 54, fig. 17). 

The associated cranidium (PI.1, figs. 1-4) is much 
smaller than any that have been illustrated previously. 
It has a shorter frontal area than most larger holaspids 
from the Upper Mississippi Valley (e.g., Hughes, 
1994, pl. 2, figs. 2, 3, pl. 3, figs. 1-6), although 
Hughes (1994, p. 26, figs. 18, 19) demonstrated sub- 
stantial variability in frontal area length. A distinct an- 


terior border and border furrow is present, and similar 


features can be seen on small cranidia from the Upper 
Mississippi Valley (e.g., Labandeira and Hughes, 
1994, fig. 1.3). In this respect, it resembles small ho- 


laspids of Briscoia (Westrop, 1986b, pl. 2, fig. 5). Fi- 
nally, the palpebral lobe is relatively long (PI. 1, fig. 
1; equal to slightly more than half of glabellar length), 
and this is consistent with Hughes’s (1994, p. 32, fig. 
24) conclusion that palpebral lobe length is size-de- 
pendant. 

The hypostome of D. minnesotensis (Pl. 1, figs. 5, 
6, 8) can be identified with confidence because of the 
association with complete cephala in Wisconsin (UI- 
rich and Resser, 1930, pl. 10, fig. 2). The expansion 
of the flat lateral border opposite the median furrow is 
particularly distinctive. Hypostomal borders of other 
dikelocephalids are variable. Some are similar to, but 
narrower than, those of Dikelocephalus (e.g., Sher- 
gold, 1991, pl. 4, figs. 7, 20), whereas others are con- 
vex and rim-like (e.g., Ulrich and Resser, 1933, pl. 36, 
fig. 14). A comparable range in morphologies, from 
flat and somewhat expanded (Westrop, 1986b, pl. 7, 
fig. 9, pl. 8, fig. 16) to convex rims (Westrop, 1986b, 
pl. 8, fig. 4), is seen among species of such outgroups 
as the ptychaspidid Ptychaspis Hall, 1863, so that 
character polarities are uncertain. 


Genus PROSAUKIA Ulrich and Resser, 1933 


Type species.—Dikelocephalus misa Hall, 1863, p. 
144. 

Discussion.—As discussed by Ludvigsen and Wes- 
trop (1983b, p. 30) and Westrop (1986b, p. 32), Pro- 
saukia and Saukiella Ulrich and Resser, 1933, are to 
some extent gradational and could prove to be syno- 
nyms. Part of the problem stems from the fact that 
Saukiella currently includes two groups of species that 
differ in the structure of the frontal area. The type 
species, Saukiella pepinensis (Owen, 1852) (Ulrich 
and Resser, 1933, pl. 32, figs. 1—4, pl. 33, fig. 22; 
Longacre, 1970, pl. 5, figs. 10, 11), and S. junia (Wal- 
cott, 1914) (Winston and Nicholls, 1967, pl. 9, figs. 8, 
10, 12, 14; Longacre, 1970, pl. 5, figs. 13-17, 19, 20) 
both possess long frontal areas in which the pregla- 
bellar field is barely developed. In contrast, S. pyrene 
(Walcott, 1914) (Ulrich and Resser, 1933, pl. 34, pl. 
35, fig. 1; Longacre, 1970, pl. 5, figs. 1-7), S. fallax 
(Walcott, 1914) (Longacre, 1970, pl. 5, figs. 1, 3) and 
S. serotina Longacre (1970, pl. 6, figs. 1-3) are char- 
acterized by short, subequally divided frontal areas 
that are comparable to those of Prosaukia (e.g., Lon- 
gacre, 1970, pl. 4, figs. 19-21; Ludvigsen and Wes- 
trop, 1983b, pl. 11, figs. 1-8; Westrop, 1986b, pl. 4, 
figs. 8-I1, 13). Indeed, of the criteria suggested by 
Longacre (1970, p. 49), only the confluent border fur- 
rows of the librigenae separate S. pyrene (e.g., Ulrich 
and Resser, 1933 pl. 34, pl. 35, figs. 2, 3, pl. 36, figs. 
7-9) from Prosaukia hartti (Walcott, 1879) which has 
border furrows that do not meet (Ludvigsen and Wes- 
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trop, 1983b, pl. 11, fig. 10). Character polarities, how- 
ever, are uncertain because both states occur in out- 
groups to the Dikelocephalidae (for examples of iso- 
lated border furrows similar to those of P. hartti, see 
Ludvigsen, 1982, fig. 58N, fig. 59S, T; Westrop, 
1986b, pl. 7, fig. 5, pl. 8, fig. 5; confluent border fur- 
rows occur in Keithiella depressa |Rasetti, 1944], see 
Ludvigsen and Westrop, 1983b, pl. 16, fig. 8). Among 
dikelocephalid genera, confluent border furrows are 
present in Calvinella (Walcott, 1914) (Ulrich and Res- 
ser, 1933, pl. 37, figs. 22, 24, 27, 28, 31, 32; Ludvig- 
sen, 1982, fig. S8F) and Tellerina Ulrich and Resser 
(1933, pl. 44, figs. 4, 19), whereas isolated furrows 
occur in Parabriscoia (Palmer, 1968, pl. 15, fig. 1). 
Thus, librigenal border morphology is ambiguous and 
does not demonstrate monophyly of Saukiella. 

As a tentative first step toward a revision of the 
dikelocephalid genera, we suggest restriction of Sau- 
kiella to S. pepinenis and S. junia, with frontal area 
proportions (long frontal area with very short pregla- 
bellar field) as a potential apomorphy. Saukiella py- 
rene, S. fallax, and S. serotina are transferred to Pro- 
saukia, and the diagnosis of Ludvigsen and Westrop 
(1983b) is followed herein. 


Prosaukia oldyelleri, new species 
Plate 2, figures 1-39, Plate 3, figures 1—41 


Diagnosis.—A_ species of Prosaukia with small 
marginal spines on anteriormost pleura of pygidium. 
Anterior end of palpebral lobe reaches glabella, so that 
palpebral furrow joins axial furrow. Short, narrow 
frontal area has subtriangular anterior border. 

Description.—Strongly convex subrectangular gla- 
bella occupies about 85 percent of cranidial length and 
slightly less than 60 percent of cranidial width across 
palpebral lobes. Axial and preglabellar furrows are 
finely etched grooves, and are bowed outward at S1 
and S2 lobes, especially in larger cranidia; glabella is 
weakly constricted opposite anterior ends of palpebral 
lobes. Longitudinal profile of glabella is gently convex 
between posterior margin and anterior tips of palpebral 
lobes, but curves steeply downward anteriorly. Occip- 
ital furrow is narrow (sag.), roughly transverse groove. 
S1 furrows are curved gently backward and connected 
across glabella, although become somewhat shallower 
medially. S2 furrows also curved backward although 
are well defined only near axial furrows; may be con- 
nected across glabella in some individuals. Frontal 
area is short and narrow, with maximum width equal 
to about 70 percent of cranidial width across palpebral 
lobes; unequally divided into short preglabellar field 
and longer, convex, subtriangular anterior border by 
shallow, forwardly curved border furrow. Long, flat, 
strongly curved palpebral lobes are centered slightly 


in front of anterior tips of SI furrows and extend from 
occipital furrow to mid-point of frontal glabellar lobe: 
separated posteriorly from glabella by narrow strips of 
fixigenae but abut glabella anteriorly. Palpebral furrow 
is finely etched groove that merges with axial furrow 
anteriorly; palpebral lobe may be subequally divided 
by barely perceptible furrow that parallels palpebral 
furrow. Posterior branches of facial sutures diverge 
sharply backward. Anterior branches moderately di- 
vergent near palpebral lobe, curving gradually inward 
to become nearly parallel at anterior border furrow be- 
fore converging abruptly inward along anterior crani- 
dial margin. Posterior fixigenae narrow, strap-like; in 
anterior view, flexed downward at about 30 degrees. 
Posterior border furrow very shallow, finely etched 
groove. Glabella, interocular fixigenae and anterior 
border have sculpture of terrace ridges: palpebral lobes 
and preglabellar field are smooth. Occipital ring may 
carry minute occipital spine. 

Librigenae separated by median suture. Long, slen- 
der genal spine curves gently inward; equal to about 
275 percent of length of librigenal field. Moderately 
inflated librigenal field separated from convex poste- 
rior and lateral border by shallow, confluent border 
furrows. Eye socle consists of two wire-like bands sep- 
arated by finely etched longitudinal furrow. Inner edge 
of doublure lies beneath lateral border furrow but di- 
verges posteriorly from posterior border furrow, so 
that doublure narrows laterally away from genal angle. 
Genal spine, borders, doublure and librigenal field car- 
ry sculpture of terrace ridges. 

Pygidium subelliptical in outline, with length about 
66 percent of maximum width; pair of minute marginal 
spines located slightly anterior of posterior tip of axis. 
Convex axis accounts for about half of pygidial height 
in lateral view, and about 40 percent of pygidial width 
at anteriormost axial ring; tapers backward and occu- 
pies slightly more than 75 percent of pygidial length; 
post-axial ridge terminates close to pygidial border. 
Axial furrows are shallow grooves. Four subequal ax- 
ial rings and rounded terminal piece separated by sub- 
transverse axial ring furrows; semielliptical articulat- 
ing half-ring equal to about 75 percent of length of 
anteriormost axial ring. Pleural field nearly flat at axial 
furrow but flexed downward, becoming nearly flat at 
pygidial margin. Inner edge of doublure underlies 
point of downward flexure of pleural field and does 
not reach posterior end of axis. Pleural and interpleural 
furrows well defined and curve outward and backward 
to terminate just short of pygidial margin; degree of 
curvature decreases in successive furrows so that pos- 
teriormost are nearly straight. Apart from anteriormost, 
convex anterior and posterior pleural bands subequal 
in length. Pleural field and doublure carry fine terrace 
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ridges that roughly parallel pygidial margin; axis also 
with terrace ridges. 

Holotype.—A cranidium (SUI 99054; PI. 2, figs. 3, 
4,7, 11) from the Bullwhacker Member, Windfall For- 
mation, Barton Canyon, Cherry Creek Range, Nevada. 

Figured material.—Eleven cranidia (SUI 99052— 
99062), four librigenae (SUI 99063, 99064, 99080, 
99081), and 14 pygidia (SUI 99065—99079). 

Etymology.—Named for Old Yeller. 

Discussion.— Prosaukia oldyelleri n. sp. is unusual 
in possessing palpebral lobes whose anterior tips abut 
the glabella. The typical dikelocephalid condition has 
the anterior end of the palpebral lobe separated from 
the glabella by a strip of fixigena of variable width 
(e.g., Prosaukia |Rasetti, 1959, pl. 54, figs. 4, 5, 9, 16, 
22; Longacre, 1970, pl. 4, figs. 19-21; Taylor and Hal- 
ley, 1974, pl. 2, figs. 15-17; Ludvigsen and Westrop, 
1983b, pl. 10, figs. 1, 3; Westrop, 1986b, pl. 4, figs. 
8-11]; Calvinella Walcott, 1914 [Nelson, 1951, pl. 
110, fig. 21; Longacre, 1970, pl. 4, figs. 16, 17; Taylor 
and Halley, 1974, pl. 2, figs. 2, 3]; Saukia Walcott, 
1914 [Westrop, 1986b, pl. 3, figs. 8, 9, 11]; Hoytaspis 
Ludvigsen and Westrop [1983b, pl. 14, fig. 1, 8]; Sau- 
kiella Ulrich and Resser, 1933 [Longacre, 1970, pl. 5, 
figs. 10, 12, 17]; Stigmaspis Nelson, 1951 [Westrop, 
1986b, pl. 4, figs. 1, 3-5]; Tellerina Ulrich and Resser, 
1933 [Nelson, 1951, pl. 112, figs. 5, 12]; Briscoia Wal- 
cott, 1924 [Walcott, 1925, pl. 20, fig. 1; Westrop, 
1986b, pl. 2, figs. 1, 5-7, 10]: Parabriscoia Kobay- 
ashi, 1935 [Palmer, 1968, pl. 15, figs. 2, 5; Westrop, 
1995, pl. 1, figs. 28]; Elkia Walcott, 1924 [Walcott, 
1925, pl. 18, figs. 1, 2]; Dikelocephalus Owen, 1952 
[Hughes, 1994, pl. 2, figs. 1-3, 6, 7]; Lophosaukia 
Shergold, 1972 [Shergold, 1975, pl. 18, fig. 1; Peng, 
1992, fig. 24B]; Mictosaukia Shergold, 1975 [Robison 
and Pantoja-Alor, 1968, pl. 104, figs. 13, 18; Shergold, 
1975, pl. 24, fig. 10; Peng, 1992, fig. 24H]; Anders- 
sonella Kobayashi, 1936b [Shergold, 1975, pl. 20, fig. 
4]; Galerosaukia Shergold [1975, pl. 22, fig. 9]; Caz- 
naia Shergold [1975, pl. 25, fig. 1]; Platysaukia Ko- 
bayashi, 1960 [Shergold, 1991, pl. 3, fig. 8]; Eosaukia 
Lu, 1954 [Shergold, 1991, pl. 5, fig. 21]). Although 
the anterior branches of the facial sutures are sharply 
divergent, the position of the palpebral lobes of P. old- 
yelleri results in a relatively narrow frontal area that 
also differs from typical dikelocephalids. Only Osceo- 
lia osceola (Hall, 1863) (Nelson, 1951, pl. 110, fig. 9) 
and at least some specimens of Prosaukia pyrene 
(Walcott, 1914) (e.g., Ulrich and Resser, 1933, pl. 34, 
pl. 35, fig. 1; Nelson, 1951, pl. 110, fig. 4) have pal- 
pebral lobes in a position that is similar to P. oldyel- 
leri. Osceolia osceola, however, is differentiated read- 
ily by a much longer frontal area on the cranidium and 
a pygidium (Nelson, 1951, pl. 110, fig. 10) that lacks 


interpleural furrows and has very long, stout marginal 
spines on the anteriormost pleura. Prosaukia pyrene 
has less strongly divergent anterior branches of the fa- 
cial sutures, and an arcuate anterior border that results 
in an evenly rounded anterior cranidial margin. 

The minute marginal spines on the anteriormost 
pleura and associated embayment of the lateral margin 
separate pygidia of P. oldyelleri trom those of all pre- 
viously described members of Prosaukia, although 
similarly sized spines could perhaps be overlooked or 
destroyed in preparation of “‘crackout” pygidia of oth- 
er species. The only other spinose species is P. spinula 
Taylor (in Taylor and Halley, 1974, pl. 2, figs. 18, 20), 
but in that species, a single median spine is present. 

Apart from the absence of marginal spines, pygidia 
of P. pyrene (Longacre, 1970, pl. 5, fig. 8) are very 
similar to those of P. oldyelleri. The type species, P. 
misa (Hall, 1863) (Westrop, 1986b, pl. 4, fig. 14), pos- 
sesses pygidia that differ from those of P. oldyelleri 
and P. pyrene in having an axis composed of three, 
rather than four, axial rings plus terminal piece, where- 
as P. hartti (Walcott, 1879) (Ludvigsen and Westrop, 
1983b, pl. 11, fig. 12) has five rings and a terminal 
piece. 

The thoracic segment illustrated on Plate 17 (figs. 
41, 46. 50) probably belongs to a dikelocephalid tri- 
lobite. We hesitate to assign it to P. oldyelleri because 
the coarse granules on the pleural bands and along the 
posterior margin of the axial ring are not present on 
any of the sclerites that can be confidently attributed 
to this species. 


Family PTYCHASPIDIDAE Raymond, 1924 


Subfamily PTYCHASPIDINAE Raymond, 1924 


Discussion.—The genera of the Ptychaspidinae are 
in need of revision. Among North American represen- 
tatives of the subfamily, monophyly of /diomesus Ray- 
mond, 1924, is supported by substantial eye reduction 
or loss. Keithia Raymond, 1924, is defined by an ex- 
panded, bulb-shaped glabella that partly or completely 
overhangs the anterior border. Proricephalus Westrop, 
1986a, (and its probable synonym Plectrella Ludvig- 
sen and Westrop, in Ludvigsen et al., 1989) can be 
diagnosed on the structure of the frontal area. The sta- 
tus of Prychaspis Hall, 1863, and Keithiella Rasetti, 
1944, is less certain. These genera have been separated 
by the expression of the anterior border and border 
furrow (e.g., Longacre, 1970; Westrop, 1986b; Lud- 
vigsen et al., 1989). Keithiella possesses a convex an- 
terior border and firmly impressed anterior border fur- 
row, Whereas Prychaspis is characterized by an undif- 
ferentiated frontal area. By comparison with outgroups 
in the Dikelocephaloidea (e.g., Westrop, 1986b, pl. 5, 
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figs. 1, 2, 6), the condition in Keithiella is most likely 
plesiomorphic. The frontal area morphology of Pry- 
chaspis is, however, shared with /diomesus. Thus, it is 
possible that both Prychaspis and Keithiella are para- 
phyletic. Any phylogenetic analysis will need to con- 
sider Australian and Chinese representatives of the 
subfamily, including Asioptychaspis Kobayashi, 1933 
(regarded as a synomym of Ptychaspis by Shergold, 
1991), Changia Sun, 1924, and Quadraticephalus Sun, 
1924. 


Genus IDIOMESUS Raymond, 1924 


Type species.—Idiomesus tantillus Raymond, 1924, 
paso. 


Idiomesus levisensis (Rasetti, 1944) 
Plate 4, figures 1-20, 22, 23 


Stigmametopus levisensis Rasetti, 1944, p. 257, pl. 37, figs. 8, 9. 

Idiomesus levisensis (Rasetti). Taylor, 1976, p. 686, pl. 3, figs. 12, 
13 (see for complete synonymy); Ludvigsen and Westrop, 1986, 
p. 305, pl. 20, figs. 5, 6D (see for synonymy); Ludvigsen, Wes- 
trop and Kindle, 1989, p. 32, pl. 20, figs. 8-13; Westrop, 1995, 
p. 24, pl. 7, fig. 24. 


Figured material.—Six cranidia (SUI 99082— 
99088) and three librigenae (SUI 92089-92091). 

Discussion.—The spindle-shaped glabella with S2 
and S3 lateral glabellar furrows is characteristic of /di- 
omesus levisensis (Rasetti) (see Taylor, 1976, p. 686; 
Ludvigsen and Westrop, 1986). The librigena, illus- 
trated here for the first time (PI. 4, figs. 19, 20, 22, 
23), carries a long, gently curved genal spine that con- 
trasts with the minute spine of /. tantillus Raymond 
(Ludvigsen, 1982, fig. 54R) 


Subfamily MACRONODINAE Westrop, 1986a 
Genus SUNWAPTIA Westrop, 1986a 


Type species.—Sunwaptia carinata Westrop, 1986a, 
p. 218. 

Discussion.—Pygidial morphology offers potential 
synapomorphies for the Macronodinae (Adrain and 
Westrop, 2001, fig. 8), so that the discovery of the 
pygidium of Sunwaptia (Pl. 5, figs. 21-32) is of phy- 
logenetic significance. As in Macronoda (Lochman, 
1964, pl. 14, figs. 14, 18, 19, 21, 22; Westrop, 1986b, 
Pl hisss 6, 7: Locher al) 1993) fis: 6:24), it 1s 
subtriangular in outline, with a long axis and narrow 
pleural fields. Moreover, Sunwaptia and Macronoda 
possess pits in the border furrow, and this character is 
an unequivocal synapomorphy. Sunwaptia differs in 
that the pits are overlain by swollen protuberances that 
extend inward from the border. The two genera also 
differ in the segmentation of the pygidial axis. The 
axis of Sunwaptia plutoi n. sp. has three or four axial 
rings, with a long terminal piece that occupies at least 


one-third of axial length. In contrast, pygidia of Ma- 
cronoda have multisegmented axes, with up to at least 
14 poorly defined axial rings (Loch er al., 1993, p. 
Si/2): 


Sunwaptia plutoi, new species 
Plate 4, figures 21, 24—26, Plate 5, figures 1—32 


Diagnosis.—A species of Sunwaptia in which fixi- 
genal ridge is poorly defined or absent. Palpebral lobe 
relatively small. Anterior cranidial arch weak. 

Description.—Cranidium subsemielliptical in out- 
line, with length equal to 60 percent maximum width; 
posterior margin curved backward, so that posterior 
tips of fixigenae extend back well beyond occipital 
ring. Glabella strongly convex and accounts for about 
75 percent of cranidial height in anterior view; bulb 
shaped in outline, and occupies about 90 percent of 
cranidial length and nearly 50 percent of cranidial 
width across palpebral lobes. Longitudinal profile hor- 
izontal between posterior margin and S1 furrow, be- 
coming arched strongly upward at frontal lobe before 
curving almost vertically downward at anterior. Axial 
and preglabellar furrows moderately impressed 
grooves. Occipital furrow deeply incised, transverse; 
occipital ring equal to about 15 percent of glabellar 
length and with posterior margin bowed gently back- 
ward. S1 firmly impressed transverse groove; LI trans- 
verse band, roughly equal in length to occipital ring. 
Frontal lobe suboval in outline and strongly inflated, 
with maximum height in lateral view equal to 150— 
175 percent of height of L1; maximum width opposite 
palpebral ridge and equal to 130—145 percent of width 
of L1. Anterior border furrows shallow, diverging for- 
ward from anterior corners of glabella to anterior cor- 
ners of cranidium; anterior border nearly flat medially 
but arched strongly downward in anterior view in all 
but smallest cranidium (PI. 5, fig. 9). Palpebral lobe 
ill-defined inflated area at abaxial end of conspicuous, 
gently curved, wall-like palpebral ridge; located in 
front of mid-length of anterior glabellar lobe. Anterior 
branches of facial suture run forward and inward from 
palpebral lobe; posterior branches diverge gradually 
backward before curving slightly inward near posterior 
corner of cranidium. Posterior fixigena broad, maxi- 
mum width equal to about 300 percent of interocular 
fixigena; slopes steeply upward from axial furrow, cre- 
ating broad, arcuate, depressed area from palpebral 
ridge to S1 furrow; reaches maximum convexity be- 
hind palpebral lobe before flexing downward to lateral 
cranidial margin. Some individuals show low fixigenal 
ridge extending for short distance posterolaterally from 
palpebral lobe (PI. 4, figs. 25, 26). Posterior border 
furrow deeply incised, slot-like, and curves gently 
backward from axial furrow; posterior border convex, 
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curving gently backward and expanding distally, so 
that length is less than length of occipital ring at axial 
furrow but is subequal at posterior corner. Well-pre- 
served cranidia (PI. 5, figs. 1, 4, 5) with coarse tuber- 
cles along crest of glabella, becoming finer along the 
sides; larger tubercles perforated by large pore. Near 
axial furrow, glabella mostly smooth, as is adjacent 
portion of posterior fixigena. Outer parts of posterior 
fixigena with closely spaced fine tubercles and scat- 
tered coarser tubercles. 

Librigena with short, broad-based, subtriangular ge- 
nal spine. Librigenal field broad and moderately in- 
flated. Lateral border furrow moderately impressed, 
running parallel to border posteriorly, then diverges 
from border, curving backward and inward as shallow 
paradoublural furrow; posteriorly, border furrow ill de- 
fined, marked by change in slope. Lateral border con- 
vex, best defined anteriorly, and merges with rim-like 
posterior border at tip of genal spine. Outer edge of 
weakly convex doublure follows anterior border and 
paradoublural furrows. Sculpture of very fine terrace 
ridges on doublure; remainder of librigena smooth. 

Pygidium subtriangular in outline, with length slight 
less than 70 percent of maximum width. Axis long, 
extending back to border and narrow, accounting for 
about 25 percent of maximum pygidial width; parallel 
sided to gently tapered anteriorly but with terminal 
piece expanded posteriorly, and strongly convex, 
standing well above pleural fields. Four axial rings and 
long terminal piece separated by firmly impressed, for- 
wardly curved ring furrows; successive rings decrease 
slightly in length, so that posteriormost about 75 per- 
cent length of anteriormost; terminal piece accounts 
for about 40 percent of axis length. Articulating half- 
ring short, equal to 25 percent of length of adjacent 
axial ring, with very gently curved anterior margin: 
articulating furrow also gently curved and firmly im- 
pressed. Pleural field triangular in outline and flexed 
downward from axis; crossed by three pairs of firmly 
impressed, oblique pleural furrows; interpleural fur- 
rows barely perceptible on broad pleural bands. Border 
narrow, convex rim; border furrow with four pairs pits 
that are overlain by swollen protuberances that extend 
inward from the border. Doublure narrow, convex, so 
that border is subcircular in cross-section. Dorsal sur- 
face of pygidium smooth except for coarse terrace 
ridges on border. 

Holotype.—A cranidium (SUI 99092; PI. 4, figs. 21, 
24—26) from the Bullwhacker Member, Windfall For- 
mation, Barton Canyon, Cherry Creek Range. 

Figured material.—Six cranidia (SUI 99092— 
99097), three librigenae (SUI 99098—99100), and four 
pygidia (SUI 99101-99104). 

Etymology.—Named for Pluto Pup. 


Discussion.—Sunwaptia plutoi n. sp. is very similar 
to the type species, Sunwaptia carinata Westrop 
(1986a, figs. 4A-E; 1986b, pl. 11, figs. 9-13), from 
the Mistaya Formation of Alberta, but clearly differs 
in that the fixigenal ridge extending from the palpebral 
lobe to the posterior border furrow is poorly defined, 
extending for only a short distance from palpebral lobe 
(e.g., Pl. 4, figs. 25, 26), or absent (e.g., Pl. 5, figs. 10, 
14, 17). Other differences in S. plutoi include a some- 
what longer L1 glabellar lobe, a less pronounced an- 
terior arch, and a smaller palpebral lobe. The smallest 
cranidium (PI. 5, figs. 8, 9) has a transverse, rather 
than arched, anterior margin, and appears to have a 
faint anterior border furrow and rim-like border. 


Subfamily EUPTYCHASPIDINAE Hupé, 1953 


Discussion.—Ingroup relationships of both the Eup- 
tychaspidinae and Macronodinae have been discussed 
recently by Adrain and Westrop (2001). As currently 
conceived, the Euptychaspidinae is confined to the Up- 
per Sunwaptan (sensu Ludvigsen and Westrop, 1985) 
of North America, although Briggs ef al. (1988) and 
Edgecombe (1992) suggested that Curiaspis Sdzuy, 
1955, from the Leimitz Shale of Germany, might be 
an Ordovician ptychaspidid. Among the Ptychaspidi- 
dae, glabellar structure of Curiaspis (Sdzuy, 1955, p. 
7, figs. 11-16) is most similar to Euptychaspis, sharing 
transglabellar S1 and S2 furrows and a rounded ante- 
rior lobe. It has comparable palpebral lobes, but lacks 
the ridge-like extensions of the border on the occipital 
ring, which carries a conventional spine. Unlike Eup- 
tychaspis (and any other dikelocephaloidean), Curias- 
pis is proparian, with a short, slender genal spine. The 
relationship between Curiaspis and the euptychaspi- 
dines is uncertain, although discovery of the pygidium 
may clarifiy the affinities of this genus. 

Calvipelta Westrop, 1986b, a small, effaced, blind 
trilobite from the Late Sunwaptan of Alberta, may 
prove to be a euptychaspidine. The poorly defined, 
parallel-sided glabella shares features with Euptychas- 
pis (Pl. 6, figs. 1, 2, 4, 8; see also Ludvigsen, 1982, 
fig. SSK—M, Q, V, W). Although not connected across 
the glabella, distinct Sl and S2 lateral furrows are 
present, and the frontal lobe may be slightly expanded 
(Westrop, 1986b, pl. 41, figs. 33-35). In addition, the 
posterior border is curved backward to merge with the 
occipital ring. This resembles the structure of the oc- 
cipital ring in Euptychaspis, in which the posterior 
border is extended backward as ridge (PI. 6, figs. 1, 2, 
4, 8; see also Ludvigsen, 1982, fig. S3K—M). The ex- 
ternal surface of the pygidial exoskeleton appears to 
have been entirely effaced (Westrop, 1986b, pl. 41, fig. 
36), but internal molds show that the axial, axial ring 
and pleural furrows were expressed on the ventral sur- 
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face. The axis is similar in width to that of Eupty- 
chaspis (e.g., Pl. 6, fig. 39), but the pleural field is 
broader. The pleural field is, however, more closely 
comparable to that of Larifugula leonensis (Winston 
and Nicholls, 1967) (Ludvigsen, 1982, fig. 67R), 
which was assigned to the Euptychaspidinae by Adrain 
and Westrop (2001). 


Genus EUPTYCHASPIS Ulrich in Bridge, 1931 


Type species.—Euptychaspis typicalis Ulrich in 
Bridge, 1931. p. 218. 

Discussion.—Euptychaspis has to this point con- 
sisted of three named species: E. typicalis, the type 
species, E. kirki Kobayashi, 1935, and E. jugalis Win- 
ston and Nicholls, 1967. Euptychaspis frontalis Lon- 
gacre, 1970, has been assigned to Kathleenella Lud- 
vigsen, 1982. The holotype of Euptychaspis tremato- 
cus Hu, 1973, appears to be a shumardiid, and the 
pygidium associated by Hu (1973, pl. 2, fig. 14) ap- 
pears to represent a missisquoiid. 

Euptychaspis typicalis is known in its type occur- 
rence in the Eminence Dolomite of Missouri from a 
tiny, retouched photograph (Ulrich in Bridge, 1931, pl. 
19, fig. 7) of a dolomitic internal mold of cranidium 
lacking its occipital spine and posterior fixigenae, 
along with two stylized line drawings (Ulrich in 
Bridge, 1931, pl. 19, figs. 5, 6). The types have never 
been revised, and no other material from the Eminence 
Dolomite has ever been figured. Documentation of the 
types of Euptychaspis kirki is equally poor. The two 
incomplete, poorly preserved cranidia (Kobayashi, 
1935, pl. 10, figs 4, 5) from the Windfall Formation 
in the Eureka mining district, Nevada, have never been 
revised, and no other material from this unit has ever 
been illustrated. Euptychaspis jugalis is known from a 
tiny stereopair photograph of a single incomplete cran- 
idium (Winston and Nicholls, 1967, pl. 9, fig. 13) from 
the San Saba Member of the Wilberns Formation, Tex- 
as. Longacre (1970, pl. 3, fig. 18) figured another ster- 
eopair of a large cranidium from the type area but it 
is so poorly preserved that it is far from clear that it 
is actually conspecific with Winston and Nicholls’ ho- 
lotype. 

Taken together, the type material of the species as- 
signed to Euptychaspis provide a woefully inadequate 
basis for comparison. Nevertheless, the names E. typ- 
icalis and E. kirki have been used for many occur- 
rences of Euptychaspis, in widely separated regions of 
Laurentia, and both species have come to be regarded 
as biostratigraphically important. Material has been as- 
signed to Euptychaspis typicalis from Texas (Dake and 
Bridge, 1932; Winston and Nicholls, 1967; Longacre, 
1970), Maryland (Rasetti, 1959), Oklahoma (Stitt, 
1971), New York State (Taylor and Halley, 1974), the 
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Mackenzie Mountains (Ludvigsen, 1982), and the 
southern Canadian Rocky Mountains (Westrop, 
1986b). Similarly, Euptychaspis kirki has been report- 
ed from Texas (Winston and Nicholls, 1967; Longacre, 
1970), Oklahoma (Stitt, 1971), and the Mackenzie 
Mountains (Westrop, 1995). The species have also 
been used to support the trilobite biostratigraphy of 
potential Cambrian-Ordovician boundary stratotype 
sections in western Utah (e.g., Miller ef al., 1982; see 
also Hintze et al., 1988; Loch er al., 1999), though no 
specimens have ever been figured. 

Close examination of the range of intra-sample var- 
iation in these reports suggests that pervasive morpho- 
logical differences exist between some samples from 
different regions, and that in the case of both E. typi- 
calis and E. kirki, a plexus of related species has been 
confused as a single species, largely on the basis of 
inadequate documentation. We will deal with the spe- 
cies regarded as Euptychaspis kirki in a forthcoming 
work. Here we document an unequivocal new species 
that would have been assigned under previous practice 
to the broad wastebasket of E. typicalis. The status of 
other occurrences assigned to E. typicalis is discussed 
below. 


Euptychaspis dougali, new species 
Plate 6, figures 1—44 


Diagnosis.—S1 only weakly impressed medially in 
most specimens; S2 restricted to notches adjacent to 
the axial furrows, not impressed medially and not 
forming a single transverse furrow; L1 and L2 lacking 
sharp, scarp-like anterior and posterior margins; eye 
ridge not discernible dorsally or ventrally; interocular 
fixigenae broad; genal spine very long; pygidium with 
three axial rings. 

Description.—Cranidium subpentagonal in outline, 
with length (excluding occipital spine) equal to about 
60 percent of width at posterior; strongly convex with 
height opposite palpebral lobes equal to about half of 
cranidial length (excluding occipital ring). Glabella 
parallel sided, well rounded anteriorly, strongly con- 
vex and raised well above adjacent fixigenae at L1 
lobe; occupies about 80 percent of cranidial length (ex- 
cluding occipital ring) and 40 percent of cranidial 
width between the palpebral lobes. In front of occipital 
ring, longitudinal profile of glabella curves steadily 
downward so that anterior part of anterior lobe weakly 
raised above surrounding fixigenae. Axial and preg- 
labellar furrows narrow but well-defined grooves. 
Composite occipital ring includes slender, steeply in- 
clined occipital spine equal to about 60 percent of pre- 
occipital glabellar length; ring and spine enclosed by 
raised rims that are extensions of posterior border and 
that join beneath posterior tip of spine. Occipital fur- 
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row finely etched groove, transverse or bowed gently 
forward. S1 furrow transglabellar (Pl. 6, fig. 4, 22), 
deepest at axial furrow but shallow medially. S2 lateral 
furrow well incised, narrow (tr.), extending inward for 
about 15 percent of glabellar width, and not connected 
across glabella. L1 lobe convex, subtransverse band 
and slightly wider (tr.) than occipital ring. L2 lobe sub- 
equal in length and width to L1. Frontal lobe weakly 
inflated, well rounded anteriorly, and accounts for 
about 50 percent of preoccipital glabellar length. Fron- 
tal area slopes forward to terminate at minute trian- 
gular border that is littke more than expanded sculp- 
tural ridge. Palpebral area of fixigenae nearly flat. Pal- 
pebral lobe semielliptical, upturned flap, length about 
one-third of preoccipital glabellar length; palpebral 
furrow finely etched groove. Anterior branches of fa- 
cial suture initially gently convergent before swinging 
sharply inward along anterior cranidial margin; pos- 
terior branches diverge gradually backward. Convex 
posterior border slightly shorter (exsag.) than L1 lobe 
and separated from fixigena by firmly impressed bor- 
der furrow. Doublure beneath border short near axial 
furrow but increases in length (exsag.) distally. Frontal 
area with coarse, irregular sculptural ridges that are 
roughly parallel to cranidial margin. With exception of 
smooth cranidial furrows, posterior border and ridge 
along occipital spine, remainder of cranidium has 
sculpture of irregular, coarse anastomosing ridges. 
Sculpture not expressed on ventral surface (PI. 6, 
fig. 3). 

Librigenae with long genal spine narrowing back- 
ward and gently curved distally; length somewhat 
more than twice length of genal field. Genal field con- 
vex, accounting for more than half of height of libri- 
gena in lateral view, with distinct eye socle overlain 
by visual surface of eye. Posteriorly, librigenal field 
merges with broad, anterior end of carinate ridge ex- 
tending along entire length of genal spine. Lateral bor- 
der furrow is broad shallow groove; lateral border con- 
vex and steeply downsloping. Posterior border furrow 
firmly impressed and does not join lateral border: ex- 
tends along inner edge of genal spine as narrow, weak- 
ly concave band that lacks sculpture. Narrow, tubular 
doublure beneath borders and raised above adjacent 
doublure of genal spine. Genal field, borders and spine 
with coarse, weakly anastomosing sculptural ridges 
that run roughly parallel to margin; border furrows and 
doublure smooth. 

Pygidium elliptical in outline with length about 60 
percent of maximum width; strongly convex, with 
height in posterior view equal to about half of pygidial 
width. Posterior margin with narrow, upward medial 
embayment. Axis and very narrow pleural field en- 
closed by narrow, rim-like ridges that extend backward 


and inward from anterior pygidial margin to join be- 
hind axis. Convex axis tapers gently backward and oc- 
cupies about 65 percent of pygidial length; width at 
anterior axial ring equal to slightly less than 40 percent 
of maximum pygidial width. Three axial rings sube- 
qual in length and separated by finely etched, trans- 
verse ring furrows. Forwardly curved articulating half 
ring bounded posteriorly by transverse, finely etched 
articulating furrow. Pleural field with firmly impressed 
pleural furrow at anterior; remaining pleural and in- 
terpleural furrows shallow to barely perceptible. Broad 
posterior border slopes steeply downward from ridges 
bounding axis and pleural field. Border carries sculp- 
ture of anastomosing terrace ridges whereas axis has 
coarser anastomising ridges; pleural fields and pygidial 
furrows smooth. 

Holotype.—A cranidium (SUI 99105; Pl. 6, figs. 1, 
5, 11, 12, 22) from the Bullwhacker Member, Windfall 
Formation, Barton Canyon, Cherry Creek Range. 

Figured material.—Seven cranidia (SUI 99105— 
99110, 99115, 99119), seven librigena (SUI 99111— 
99114, 99116-99118, 99122, 99123), and two pygidia 
(SUI 99120, 99121). 

Etymology.—After Dougal, of the Magic Round- 
about. 

Discussion.—The most striking feature of Eupty- 
chaspis dougali is the presence of S2 furrows that are 
not connected across the glabella. A transglabellar S2 
furrow is clearly present in Ulrich’s photographed type 
specimen of Euptychaspis typicalis (Ulrich in Bridge, 
1931, pl. 19, fig. 7). Moreover, in all reasonably well- 
known cranidia that have been assigned to E. typicalis 
(Rasetti, 1959, pl. 52, figs. 11-13; Winston and Nich- 
olls, 1967, pl. 9, fig. 17; Longacre, 1970, pl. 4, fig. 9: 
Stitt, 1971, pl. 6, fig. 19; Taylor in Taylor and Halley, 
1974, pl. 2, figs 4-6; Ludvigsen, 1982, fig. 58K, Q, 
V; Westrop, 1986b, pl. 10, figs 22, 23), both SI and 
S2 are transglabellar and expressed in the central body 
of the glabella as distinct, unsculptured, transverse 
trenches. Both L1 and L2 are convex, transverse bands 
that extend across the glabella and whose anterior and 
posterior margins are sharply defined at a vertical, 
scarp-like break in slope. Opposite the notch-like S2 
of E. dougali, the glabellar sculpture of coarse, anas- 
tomosing ridges extends without interruption across 
the central area of the glabella. SI is generally more 
weakly developed in £. dougali than in any cranidia 
assigned to E. typicalis. Although this furrow is clearly 
transverse (confirmed by the presence of a furrow in 
ventral view, Pl. 6, figs. 3, 22), it is much deeper and 
notch-like near the axial furrow and very shallow to 
nearly indistinct (e.g., Pl. 6, fig. 2) medially. In several 
specimens, the glabellar sculpture runs medially across 
S1 essentially without interruption. This glabellar mor- 
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phology is unique within the genus, and it alone serves 
to differentiate E. dougali from all other occurrences 
of Euptychaspis. The species differs in detail in other 
ways from various taxa assigned to E. typicalis, and 
to clarify these contrasts it is necessary to evaluate 
each of these occurrences: 

The type material of E. typicalis is totally inade- 
quate and cannot be meaningfully compared with other 
taxa. Euptychaspis typicalis should be restricted to its 
type specimens, until such time as it is revised on the 
basis of new and better material. 

Occurrences in Texas (Winston and Nicholls, 1967; 
Longacre, 1970) and Oklahoma (Stitt, 1971) are so 
poorly documented that they, too, cannot be meaning- 
fully compared with other taxa. Until such time as they 
are adequately described, with more cranidia, knowl- 
edge of librigena and pygidia, etc., they should be re- 
garded as Euptychaspis cf. typicalis. For the same rea- 
sons, two cranidia from Maryland (Rasetti, 1959) 
should also be placed in open nomenclature. 

We regard occurrences of Euptychaspis from the 
Whitehall Formation of New York (Taylor in Taylor 
and Halley, 1974) and the Rabbitkettle Formation of 
northwest Canada (Ludvigsen, 1982) as each repre- 
senting a distinct species, but we are reluctant to for- 
mally name them in the present state of knowledge. 
The Whitehall material is known from three cranidia, 
a librigena, and a pygidium (Taylor and Halley, pl. 2, 
figs. 4-11). It differs from what little is known of E. 
typicalis most prominently in the fact that its L1 is 
substantially wider than its L2 (this also distinguishes 
it from all other material assigned to E. typicalis). Fur- 
ther, its anterior glabellar bulb is wider and more in- 
flated than in any other material assigned to E. typi- 
calis. It has a prominent eye ridge, not visible on UI- 
rich’s photograph of E. typicalis or on any other spec- 
imens that have been assigned to the species. Finally, 
it has very small, subsemicircular palpebral lobes. Ad- 
ditional comparisons are made with other taxa below. 

The species from the Rabbitkettle Formation is 
known from three cranidia, two librigenae, and a py- 
gidium, all silicified (Ludvigsen, 1982, fig. S8K—W). 
It differs from the Whitehall species in the possession 
of an L1 that is subequal in width to L2, a considerably 
less laterally inflated anterior glabellar lobe, longer 
(exsag.) palpebral lobes, librigena with a much shorter 
genal spine, a pygidium with two as opposed to three 
clearly developed axial rings, and in the absence of 
distinct eye ridges. Caution must obviously be exer- 
cised in pygidial comparisons, as each species is rep- 
resented by only one specimen. However, work in 
progress on silicified faunas of the Notch Peak For- 
mation of western Utah indicates that in large pygidial 
samples of Eupytchaspis, there is no intrasample var- 


iation in axial ring number. Indeed, there is no docu- 
mented example of variation in this feature in any spe- 
cies of Euptychaspis. The two cranidia from the Mis- 
taya Formation of the southern Canadian Rocky 
Mountains illustrated by Westrop (1986b) are compa- 
rable in all available details to the Rabbitkettle material 
(including the presence of fine anastomosing sculpture 
at the base of the occipital spine) and may well prove 
conspecific. 

Euptychaspis dougali shares with the Whitehall spe- 
cies a pygidium with three distinct axial rings and a 
very similar librigena with a long genal spine. In ad- 
dition to its glabellar autapomorphies, E. dougali dit- 
fers in that its L1 is subequal to, or even narrower 
than, its L2, its anterior glabellar bulb is less inflated, 
it lacks eye ridges, it lacks a very sharp break in slope 
of the frontal area (demarcated in the Whitehall spe- 
cies by a prominent, transverse sculptural ridge), and 
it has longer, larger palpebral lobes with a much less 
prominent palpebral furrow. E. dougali can be differ- 
entiated from the Rabbitkettle species (in addition to 
its glabellar autapomorphies) in the possession of a 
more transverse versus more rounded anterior cranidial 
margin in dorsal view (this could be affected by dis- 
tortion of the Rabbitkettle specimens), relatively wider 
interocular fixigena, less well impressed palpebral fur- 
row, much longer genal spine, and a pygidium with 
three versus two axial rings. The pygidium of EF. dou- 
gali has a prominent median notch in its posterior mar- 
gin (PI. 6, fig. 44) that is not present in the Rabbitkettle 
specimen (Ludvigsen, 1982, fig. 58S), but this appar- 
ent difference could be influenced by photographic ori- 
entations and should be confirmed on the basis of ad- 
ditional specimens. 


Family ILLAENURIDAE Vogdes, 1890 
Genus ILLAENURUS Hall, 1863 
Type species.—Illaenurus quadratus Hall, 1863, p. 
176. 
Illaenurus montanensis Kobayashi, 1935 


Plate 7, figures 1-37, Plate 8, figures 1-35 


Illaenurus montanensis Kobayashi, 1935, p. 48, pl. 10, figs. 1, 2; 
Westrop, 1986b p. 70, pl. 34, figs. 13-15 
onymy). 


(see for complete syn- 


Diagnosis.—A species of I/laenurus with divergent 
anterior branches of facial sutures; in large individuals, 
width at anterior end of cranidium exceeds width 
across palpebral lobes. 

Discussion.—As revised by Westrop (1986b, pp. 
69-71), Ilaenurus falls into two stratigraphically seg- 
regated groups of species that differ in cranidial length. 
A lower group, comprising /. priscus Resser, 1942, 
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(Westrop, 1986b, pl. 34, figs.1—5) and /. holcus Wes- 
trop (1986b, pl. 34, figs. 6-10), is characterized by 
relatively short cranidia. The stratigraphically higher 
species, /. quadratus Hall, 1863, (Westrop, 1986b, pl. 
33, figs. 1-7) and J. montanensis Kobayashi, 1935, 
(Westrop, 1986b, pl. 34, figs. 13-15) have longer cran- 
idia. The material illustrated here conforms to the cur- 
rent concept of ///aenurus montanensis by possession 
of strongly divergent, anterior branches of the facial 
sutures. Like cranidia from Alberta (Westrop, 1986b, 
pl. 34, fig. 14), width at the anterior end of the cran- 
idium of large individuals of /. montanensis from Ne- 
vada exceeds width across the palpebral lobes. Cran- 
idia from Alberta possess punctae along the axial fur- 
rows and frontal area that are absent from cranidia 
illustrated herein. //laenurus quadratus is character- 
ized by subparallel to weakly divergent anterior 
branches of the sutures and, consequently, the anterior 
portion of the cranidium is relatively narrower. 

Sclerites other than the cranidium have not been il- 
lustrated previously. Small librigenae (PI. 8, figs. 5, 
12, 14-16) have long, gently curved genal spines and 
conspicuous, convex lateral borders. During ontogeny, 
this spine is reduced to a small, thorn-like structure 
(Pl. 8, figs. 1, 2, 4, 6) and is lost almost completely in 
the largest individuals (PI. 8, fig. 13). The lateral bor- 
der is lost posteriorly, but 1s retained as a rim anteri- 
orly (e.g., Pl. 8, figs. 1, 2, 10). The doublure is narrow, 
and at least one specimen (PI. 8, figs. 1, 7) suggests 
that a functional rostral suture was present. In contrast, 
I. priscus Resser (Westrop, 1986b, pl. 33, figs. 14, 15) 
appears to have had yoked cheeks. 

The pygidium of /. montanensis has not been de- 
scribed previously. It is subelliptical in outline, with 
length slightly less than 40 percent of maximum width, 
and is moderately convex, with height along midline 
(posterior view) a little less than 25 percent of pygidial 
width; anterior corners have well-defined articulating 
facets. The lateral profile is evenly curved upward. 
The axis is weakly convex and differentiated from the 
pleural field in posterior view only by a change in 
slope. The axial ring furrows are completely effaced. 
The pleural field is effaced except for one pair of pleu- 
ral furrows at anterior. The doublure occupies about 
33 percent of pygidial length and maintains a roughly 
even width; the anterior margin is weakly undulose. 
The external surface of the pygidium is smooth except 
for terrace ridges near, and parallel to, the posterior 
margin. 

Figured material.—Thirteen cranidia (SUI 99124— 
99137), eleven librigenae (SUI 99138-99149), one 
thoracic segment (SUI 99154), and five pygidia (SUI 
99150-99153, 99155). 


Family CATILLICEPHALIDAE Raymond, 1937 
Genus TRIARTHROPSIS Ulrich, in Bridge, 1931 


Type species.—Triarthropsis nitida Ulrich, in 
Bridge, 1931, p. 214. 


Triarthropsis limbata Rasetti, 1959 
Plate 9, figures 1—25, 28, 32, 33 


Triarthropsis limbata Rasetti, 1959, p. 382, pl. 52, figs. 1-8; Lud- 
vigsen, 1982, p. 74, fig. 57U (see for complete synonymy). 


Figured material.—Seven cranidia (SUI 99156— 
99161, 99170) and seven librigenae (SUI 99162— 
99169). 

Discussion.—Wide fixigenae and, on several speci- 
mens, a poorly defined anterior border furrow, are 
shared with Triathropsis limbata Rasetti (1959, pl. 52, 
figs. 1-8). Rasetti’s types are variable in glabellar out- 
line but tend to have a somewhat more tapered anterior 
lobe than the cranidia illustrated herein. Rasetti (1959, 
p. 382) described faint median furrows on the anterior 
lobes of his specimens, although they are not evident 
in his photographs. Triarthropsis nitida Ulrich (in 
Bridge, 1931, pl. 19, figs 3, 4; Rasetti, 1959, pl. 55, 
figs. 6-13; Westrop, 1986b, pl. 39, figs. 8-13) has nar- 
rower fixigenae and lacks an anterior border and bor- 
der furrow. In addition, specimens from Pennsylvania 
(e.g., Rasetti, 1959, pl. 55, fig. 12) and Alberta (e.g., 
Westrop, 1986b, pl. 39, figs. 8, 10, 12) have paired 
tubercles on the fixigenae and glabella. 

Triarthropsis marginata (Rasetti, 1945, pl. 60, figs, 
9-13; Ludvigsen et al., 1989, pl. 35, figs. 17-19), T. 
cf. marginata (Westrop, 1986b, pl. 39, figs. 6, 7) and 
T. casca Ludvigsen and Westrop (in Ludvigsen et al., 
1989, pl. 35, figs. 20-27) all differ from 7. limbata in 
having much shorter frontal areas and palpebral lobes 
that are located close to the glabella. The poorly 
known 7. princetonensis Kobayashi, 1935, (Winston 
and Nicholls, 1967, pl. 11, fig. 26) differs from 7. 
limbata on the basis of the subrectangular glabella that 
is poorly differentiated from a short anterior border, 
and palpebral lobes that are centered opposite the S2 
glabellar furrow, rather than the L2 lateral lobe. 

Librigenae (PI. 9, figs. 12-25) include some speci- 
mens that are yoked. They possess long genal spines 
and convex lateral borders that carry sculpture of 
coarse terrace ridges. The librigenal field is narrow and 
also carries terrace ridges. Similar librigenae have been 
attributed to T. nitida Ulrich (Rasetti, 1959, pl. 55, fig. 
9; Westrop, 1986b, pl. 39, fig. 13), and those of Per- 
acheilus spinosus (Rasetti, 1945) (Ludvigsen er al., 
1989, pl. 34, fig. 17) differ in having a shorter, more 
slender genal spine and a more convex librigenal field. 
Theodenisia gibba (Rasetti, 1944) (Ludvigsen ef al., 
1989, pl. 32, fig. 10) has a librigena with sculpture of 
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coarse terrace ridges and a stout genal spine, but the 
lateral border is not differentiated from the librigenal 
field. 


Triarthropsis sp. | 
Plate 9, figures 26, 27, ?29, 30, 31, 34-38 


Figured material.—Three cranidia (SUI 99171-— 
99173) and three librigenae (SUI 99174—99176). 

Discussion.—A few cranidia differ from Triarthrop- 
sis limbata (P1. 9, figs. 1-11) in having a shorter fron- 
tal area and narrower preocular fixigenae. In these re- 
spects, they resemble cranidia of T. marginata (Rasetti, 
1945, pl. 60, figs, 9-13; Ludvigsen er al., 1989, pl. 
35, figs. 17-19), T. cf. marginata (Westrop, 1986b, pl. 
39, figs. 6, 7), T. casca Ludvigsen and Westrop (in 
Ludvigsen et al., 1989, pl. 35, figs. 20-27) and 7. 
princetonensis Kobayashi, 1935, (Winston and Nich- 
olls, 1967, pl. 11, fig. 26). All of these differ from T. 
sp. 1, however, in having smaller palpebral lobes that 
are located very close to the glabella. In addition, the 
palpebral lobes of T. princetonensis are located farther 
forward on the cranidium and the anterior end of the 
glabella is poorly differentiated from the frontal area. 
Librigenae of T. sp. 1 (Pl. 9, figs. 34, 35, 37, 38) are 
similar to those of 7. limbata (PI. 9, figs. 12—25), dif- 
fering in possessing a much longer posterior segment 
of the the facial suture that corresponds to a wider 
posterior fixigena (Pl. 9, fig. 26, 27). Also, the border 
furrow of 7. sp. | is shallower than on similarly sized 
librigenae of 7. limbata. 


Family EUREKIIDAE Hupe, 1953 


Discussion.—Ludvigsen and Westrop (in Ludvigsen 
et al., 1989) suggested that the Eurekiidae could be 
assigned to the Remopleuridoidea. Although some 
characters (e.g., size and position of the palpebral 
lobes) lend support to this view, new information on 
the structure of the thorax (PI. 11, figs. 30—35, Pl. 12, 
figs. 1-5) suggests that eurekiids are not remopleuri- 
doideans. Thoracic segments of Eurekia are strongly 
arched with a well-defined fulcrum and wide inner 
portion of the pleura; articulation is fulcrate. In con- 
trast, remopleuridoideans have a fulcrum close to the 
axial furrow and, consequently, very narrow inner por- 
tion of the pleura (Whittington, 1997); articulation in- 
cludes well-developed fulcral processes and sockets 
(Chatterton and Ludvigsen, 1976, pl. 1, figs. 16-19, 
23, 25-29, 31, 49). The Eurektidae are regarded herein 
as of uncertain affinities. 

Although the broader relationships of the Eurekiidae 
are uncertain, they may be related to such Early Sun- 
waptan genera as Monocheilus Resser, 1937, and Stig- 
macephalus Resser, 1937. Westrop (1986b) considered 
such a relationship unlikely, but there are striking sim- 


ilarities in glabellar furrow morphology and size and 
position of the palpebral lobes between small cranidia 
of Monocheilos (e.g., Westrop, 1986b, pl. 15, figs. 7, 
8) and eurekiids. Restudy of the poorly known Ma- 
ladia Walcott, 1924, generally regarded as an early 
member of the Eurekiidae (e.g., Longacre, 1970), may 
be helpful in evaluating eurekiid relationships. 


Genus EUREKIA Walcott, 1916 


Type species.—Ptychoparia (Euloma)? dissimilis 
Walcott, 1884, p. 409 (see Taylor, 1978). 


Eurekia rintintini, new species 
Plate 10, figures 1-32, Plate 11, figures 1-35, Plate 
12, figures 1-29 


Diagnosis.—A species of Eurekia with sculpture of 
closely spaced, irregular, star-shaped tubercles over ex- 
ternal surface of cranidium, librigenal field, thoracic 
pleurae, and axis and pleural field of pygidium. Cran- 
idium with distinct preglabellar field that is subequal 
in length to anterior border. Large pygidium with five 
pairs of long, widely spaced, tapered marginal spines. 

Description.—Cranidium (excluding posterior fixi- 
genae) subrectangular in outline, with width between 
the palpebral lobes equal to cranidal length; maximum 
width across posterior fixigenae slightly more than 150 
percent of width between palpebral lobes. Convex gla- 
bella raised well above level of palpebral lobes and 
occupies a litthke more than 80 percent of cranidial 
length; width is 55 percent cranidial width across pal- 
pebral lobes. Occipital ring raised above rest of gla- 
bella in lateral view; longitudinal profile of preoccip- 
ital glabella curved, with curvature increasing sharply 
in front of palpebral lobes. Glabellar outline subrect- 
angular; rounded anteriorly. Axial furrows firmly im- 
pressed and bowed gently outward, so that maximum 
glabella width is at SI furrow or L2 lobe. Occipital 
furrow well-incised groove, subtransverse medially but 
deflected forward near axial furrows; occipital ring oc- 
cupies slightly less than 25 percent of glabellar length. 
Firmly impressed S1 furrow curves backward and in- 
ward from axial furrow. L1 lobe subcircular in outline 
and slightly shorter than occipital ring; width equal to 
about 25 percent of glabellar length. S2 furrow as deep 
as, but less strongly curved than, S1 furrow. L2 lobe 
equal in length to occipital ring. Frontal lobe accounts 
for about 27 percent of glabellar length. Frontal area 
subequally divided into downsloping preglabellar field 
and upturned, triangular anterior border that is strongly 
arched in anterior view (PI. 10, fig. 4); anterior border 
furrow may be transverse (Pl. 10, figs. 1, 22), for- 
wardly curved (PI. 10, fig. 16) or bowed gently back- 
ward (Pl. 10, fig. 3). Interocular fixigenae narrow, 
roughly equal in width to palpebral lobe, and upwardly 
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sloping. Palpebral lobe flat to gently upsloping, arcuate 
band centered opposite L2 lobe; extends from mid- 
point of L1 to posterior end of frontal lobe. Palpebral 
furrow finely etched groove. Anterior branches of fa- 
cial suture weakly convergent, nearly straight before 
swinging abruptly inward along anterior cranidial mar- 
gin. Posterior branches diverge at almost 90 degrees 
to axial furrow, then curve almost straight back. Pos- 
terior fixigenae narrow, nearly transverse bands flexed 
downward at about 45 degrees; bisected by firmly im- 
pressed posterior border furrow; posterior border ex- 
pands abaxially, so that distal width is twice width at 
axial furrow. Cranidial furrows, inner half of palpebral 
lobe and preglabellar field lack sculpture; glabella, fix- 
igenae, and anterior border carry sculpture of closely 
spaced, irregular, star-shaped tubercles; outer part of 
palpebral lobe has network of anastomosting ridges 
that produce an irregularly punctate appearance. 

Hypostome shield shaped in outline with width 
about 75 percent of length; posterior margin well 
rounded and anterior margin bowed gently forward. 
Convex, subelliptical median body divided unequally 
by barely perceptible median furrow into crescentic 
posterior lobe and roughly oval anterior lobe; latter 
accounts for about 60 percent of median body length. 
Lateral and posterior borders narrow, convex rims sep- 
arated from median body by finely etched border fur- 
rows; width of posterior border about 50 percent width 
of lateral border. Anterior border wall-like, directed 
ventrally well below level of adjacent portions of lat- 
eral borders. Anterior wings triangular in outline, 
flexed dorsally at about 30 degrees; width about 30 
percent of hypostome length. Posterior wings narrow, 
vertically directed prongs with tips curved gently for- 
ward. Sculpture of terrace ridges confined to borders 
and anterior wings. 

Librigenae separated by median suture and carry 
small, thorn-like genal spine. Librigenal field tall, ac- 
counting for about 75 percent of librigenal field in lat- 
eral view, and slopes steeply downward from eye so- 
cle. Socle consists of two bands separated by shallow 
longitudinal furrow; upper band slightly narrower than 
lower band. Convex, tube-like border separated from 
librigenal field by broad, shallow border furrow; inner 
edge of doublure les beneath border furrow; panderian 
notch present near posterior end of doublure. Libri- 
genal field with sculpture of closely spaced, irregular, 
star-shaped tubercles and coarse, longitudinal ridges 
on border; doublure with fine terrace ridges. 

Thorax of at least 11 segments; tapers gradually 
backward, so that width at posterior is about 67 per- 
cent width at anterior. Axis occupies about 35 percent 
of segment width in dorsal view; strongly arched, ac- 
counting for about 45 percent of segment height in 


anterior view. Axial furrows shallow, ill-defined 
grooves. Subelliptical articulating half-ring depressed 
slightly below rest of ring: firmly impressed articulat- 
ing furrow transverse medially but curved forward 
near axial furrows. Pleura with well-defined fulcrum. 
Inner portion of pleura horizontal; outer portion slopes 
steeply downward from fulcrum to terminate at short, 
blunt spine. Well-incised, narrow, nearly transverse 
pleural furrow divides pleura into subequal anterior 
and posterior pleural bands; outer portion of anterior 
band with narrow, subtriangular facet. Facet and artic- 
ulating half-ring smooth; pleural spine with terrace 
ridges. Sculpture of closely spaced, irregular, star- 
shaped tubercles on remainder of segment. 

Pygidium subelliptical in outline, with length (ex- 
cluding marginal spines) slightly more than 50 percent 
of width; triangular facet at anterior corner. Five pairs 
of tubular marginal spines that decrease in size pos- 
teriorly; posteriormost pair about 33 percent of length 
of anteriormost. Spines become longer, more slender, 
distinctly tapered, more pointed, and more widely 
spaced during holaspid ontogeny (compare PI. 12, figs. 
7, 8, 11, 15, 16 and Pl. 12, figs. 19-21, 23-27). Axis 
strongly convex, raised well above pleural field, and 
accounts for about 65 percent of pygidial height in 
posterior view; in dorsal view, occupies slightly less 
than 90 percent of pygidial length and about 33 per- 
cent of maximum pygidal width; tapers gradually 
backward, with width at anterior ring about 150 per- 
cent of width at terminal piece. Axial furrows broad, 
clearly defined grooves. Three axial rings and rounded 
terminal piece; anteriormost ring with conspicuous, 
semielliptical articulating half-ring and deep, trans- 
verse articulating furrow. Rings decrease in length pos- 
teriorly, so that first ring is almost twice length of 
third; terminal piece accounts for about 20 percent of 
axial length. Two anterior ring furrows firmly im- 
pressed, but third furrow shallower. Pleural fields con- 
vex, downsloping. Narrow, slot-like pleural and inter- 
pleural furrows become shallower and indistinct to- 
ward rear; only two pairs usually evident. Subequal 
anterior and posterior pleural bands usually evident 
only opposite first axial ring. Doublure narrow, with 
anterior edge extending to posterior end of axis. Pleu- 
ral field and axis with sculpture of irregular tubercles; 
marginal spines carry terrace ridges. 

Holotype.—A cranidium (SUI 99178; Pl. 10, figs. 
2. 5, 8, 9) from the Bullwhacker Member, Windfall 
Formation, Barton Canyon, Cherry Creek Range. 

Figured material.—Twelve cranidia (SUI 99177— 
99187, 99193), seven hypostomes (SUI 99188-99192, 
99195, 99196), five librigenae (SUI 99194, 99197— 
99200), one thoracopygon (SUI 99203), two isolated 
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thoracic segments (SUI 99201, 99202), and eight py- 
gidia (SUI 99204-99211). 

Etymology.—Named for Rin Tin Tin. 

Discussion.—Irregular, star-shaped turbercles simi- 
lar to those of Eurekia rintintini n. sp. are scattered 
over external surfaces of Eurekia sp. | from the Rab- 
bitkettle Formation of the Mackenzie Mountains (Wes- 
trop, 1995, pl. 6, fig. 1), although their true morphol- 
ogy cannot be determined on internal molds. Eurekia 
sp. | differs from E. rintintini in lacking a preglabellar 
field. 

Eurekia longifrons Westrop (1986b, pl. 6, figs. 1— 
5), from the Mistaya Formation of Alberta, is the only 
other species with a distinct preglabellar field. This 
feature is relatively longer than that of EF. rintintini, 
and is equal to roughly twice the length of the anterior 
border. Eurekia longifrons also possesses convention- 
al, rounded tubercles on the cranidium and has nar- 
rower, less strongly curved palpebral lobes than E. rin- 
tintini. Pygidia of these two species possess similar 
marginal spines, but can be differentiated on the basis 
of sculpture. The type species of Eurekia, E. dissimilis 
(Walcott, 1884) (Taylor, 1978, text-fig. 1) from the 
Windfall Formation of Nevada, is much more strongly 
convex than E. rintintini, so that the anterior third of 
the glabella slopes steeply downward and partly over- 
hangs the anterior border. Eurekia ulrichi (Rasetti, 
1945) (Ludvigsen, 1982, fig. 61A—Q), from northern 
and eastern Canada, has a finely tuberculate sculpture 
and lacks a preglabellar field. The pygidium of this 
species has shorter, less tapered marginal spines than 
E. rintintini, and has faint pleural and axial ring fur- 
rows posteriorly. The hypostome attributed to E. ul- 
richi is very similar to that of E. rintintini, and cor- 
roborates the assignment. Eurekia eos (Hall, 1863) 
(Taylor, 1978, pl. 1, figs. 1-17, pl. 2, figs. 1-17), a 
species that has been reported widely over North 
America, and E. bacata Ludvigsen (1982, fig. 62A—J), 
from the Rabbitkettle Formation of the Mackenzie 
Mountains, both differ from £. rintintini in lacking a 
preglabellar field. In addition, the pygidia are differ- 
entiated readily from E. rintintini. Eurekia eos has 
short, closely spaced, bluntly ended marginal spines 
(see also Westrop, 1986b, pl. 6, fig. 11), whereas E. 
bacata has a broad axis that overhangs the posterior 
pygidial axis. Finally, Eurekia plectocanthus Loch (in 
Loch ef al., 1993, fig. 6.2, 3, 5-7), from the Survey 
Peak Formation, Alberta, is based upon inadequate 
material and is probably best restricted to the types. It 
appears to have possessed an anteriorly rounded gla- 
bella that is quite different from the subquadrate gla- 
bella of E. rintintini. 


Genus CORBINIA Walcott, 1924 


Type species.—Corbinia horatio Walcott, 1924, p. 
55: 


Corbinia implumis Winston and Nicholls, 1967 
Plate 13, figures 1-28 
Corbinia implumis Winston and Nicholls, 1967, p. 86, pl. 9, fig. 3: 
Westrop, 1986b, p. 78, pl. 6, figs. 6, 7 (see for complete synon- 
ymy). 
Bayfieldia binodosa (Hall). Stitt and Straatman, 1997, fig. 9.17 
(only). 


Diagnosis.—A species of Corbinia with coarsely 
granulose sculpture on cranidium: pygidium = with 
sculpture restricted to terrace ridges on or near mar- 
ginal spines. Only anterior axial ring and pleural fur- 
rows impressed firmly; remaining furrows shallow to 
barely perceptible. Terminal piece of axis has pair of 
gently rounded protuberances. Bluntly rounded mar- 
ginal spines are closely spaced. 

Description.—Cranidium (excluding posterior fixi- 
genae) subrectangular in outline, with width across 
palpebral lobes equal to about 95 percent of length; 
width across palpebral lobes 67 percent of width 
across posterior fixigenae. Glabella tapers forward, 
gently rounded anteriorly and slightly constricted at 
L1; occupies about 85 percent of cranidial length and 
60—70 percent (lower values in smaller cranidia) of 
cranidial width between palpebral lobes; strongly con- 
vex and raised well above palpebral lobes in anterior 
view. Lateral profile of glabella curved, with occipital 
ring barely raised above level of L1; degree of cur- 
vature increases in front of palpebral lobes. Axial and 
preglabellar furrows narrow, but clearly defined, 
grooves. Occipital furrow firmly impressed, transverse 
medially but curved forward near axial furrow; bifur- 
cates distally, so that occipital ring is composite with 
small, gently inflated antero-lateral lobe. Occipital ring 
occupies about 17 percent of cranidial length. S1 and 
S2 lateral furrows are barely perceptible on even small 
cranidia (PI. 13, figs. 3, 4) and not expressed on ventral 
surfaces (Pl. 13, fig. 11). Short frontal area with dis- 
tinct preglabellar field equal to 20—30 percent of an- 
terior border length; border furrow may be transverse 
or bowed gently backward, so that outline of border 
may be subtriangular (Pl. 13, fig. 3) to transversely 
subelliptical. Border gently upturned in lateral view 
and moderately arched in anterior view. Palpebral 
lobes flat to weakly upturned, arcuate bands centered 
opposite L2; length decreases somewhat through ho- 
laspid ontogeny from 45 percent of glabellar length in 
smaller cranidia to 36 percent in large specimens. Pal- 
pebral furrow finely etched groove. Interocular fixi- 
genae narrow, equal in width to palpebral lobe: ante- 
rior and posterior tips of palpebral lobes separated 
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from glabella by very narrow strips of fixigenae. An- 
terior branches of facial sutures very weakly divergent 
before swinging inward along anterior cranidial mar- 
gin. Posterior branches initially weakly divergent be- 
fore diverging abruptly along nearly transverse path; 
swing backward at anterior tips of posterior fixigenae 
and are subparallel near posterior margin of cranidium. 
Posterior fixigenae narrow, nearly transverse bands 
flexed downward at about 45 degrees; bisected by 
firmly impressed posterior border furrow (shallower in 
largest cranidum); posterior border expands abaxially, 
so that distal width is twice width at axial furrow. Most 
small cranidia with sculpture of closely spaced, fine 
tubercles over entire surface; on largest cranidium (PI. 
13, fig. 1), tubercles subdued, more widely scattered, 
and confined to glabella. 

Fixigenae separated by median suture and with very 
short, sharply pointed genal spine. Eye socle simple, 
arcuate band. Tall librigenal field slopes steeply down- 
ward from socle to broad, shallow anterior border fur- 
row. Anterior border convex, tubular; outer edge of 
doublure lies beneath border furrow and is deflected 
by panderian notch near posterior margin of librigena. 
Sculpture of closely spaced, fine tubercles on librigen- 
al field; coarse, longitudinal ridges on border. 

Pygidium subelliptical in outline with length slightly 
less than half of width; narrow, triangular facet at an- 
terior corner. Five pairs of short, bluntly pointed, 
closely spaced marginal spines that become progres- 
sively more curved inward and reduced slightly in size 
toward rear; posteriormost pair expressed only as 
rounded protuberances. Axis convex, gently tapered 
and long, occupying almost entire pygidial length; 
width at anterior ring about 35 percent of maximum 
pygidial width. Axis strongly convex, occupying about 
75 percent of pygidial height in posterior view. Two 
axial rings and long terminal piece that carries pair of 
ill-defined, rounded protuberances at posterior; termi- 
nal piece occupies 40 percent of axis length. Anter- 
iormost ring includes conspicuous, semielliptical artic- 
ulating half-ring and firmly impressed articulating fur- 
row. Two transverse axial ring furrows; posteriormost 
very shallow and barely perceptible on some speci- 
mens. Pleural field flexed steeply downward, becom- 
ing flatter near margin. Two pairs of pleural furrows 
expressed as narrow grooves on most specimens; in- 
terpleural furrows weak. Subequal anterior and pos- 
terior pleural bands well defined opposite anteriormost 
axial ring, but indistinct on remainder of pleural field. 
Medially, outer edge of doublure reaches posterior end 
of axis; doublure expands abaxially, so that width at 
anterior corner of pygidium almost twice width behind 
axis. Surface smooth except for terrace ridges on and 


near marginal spines, doublure, and posterior tip of 
terminal piece. 

Figured material.—Four cranidia (SUI 99212-— 
99215), one librigena (SUI 99216), and three pygidia 
(SUI 99217-99219). 

Discussion.—Westrop (1986b) restricted the type 
species of Bayfieldia, B. tumifrons Clark, 1924, to the 
incomplete holotype (Westrop, 1986b, pl. 6, fig. 8), 
and suggested that Bayfieldia binodosa (Hall, 1863) 
should be assigned to Corbinia Walcott, 1924. Pygidia 
(Hall, 1863, pl. 7, fig. 47) and cranidia (Clark, 1924, 
pl. 4, fig. 7; see Winston and Nicholls, 1967, p. 84 for 
discussion) of C. binodosa are preserved as sandstone 
internal molds and have never been illustrated photo- 
graphically, so that this species is difficult to interpret. 
Cranidia of C. implumis Winston and Nicholls (1967, 
pl. 9, fig. 3) are coarsely granulose, whereas cranidia 
from Texas (Winston and Nicholls, 1967, pl. 9, fig. 1) 
that have been attributed to C. binodosa are smooth. 
Although Longacre (1970; see also Stitt, 1971) argued 
that C. binodosa and C. implumis were synonyms, 
Westrop (1986b) suggested that the distinction be- 
tween them should be maintained. The material illus- 
trated herein supports the latter view. Cranidia (PI. 13, 
figs. 1-15) closely resemble the holotype of C. im- 
plumis (Winston and Nicholls, 1967, pl. 9, fig. 3), dif- 
fering only in having an anterior border furrow that is 
less strongly curved backward posteriorly. The coarse- 
ly granulose sculpture is retained through a broad size 
range, although it is more subdued in the largest (PI. 
13, fig. 1, 15) and smallest (Pl. 13, figs. 4, 10) speci- 
mens. Pygidia of C. implumis have not been described 
previously but are quite distinct from those attributed 
to C. binodosa, including Hall’s (1863, pl. 7, fig. 47) 
type. On the dorsal surface (Pl. 13, figs. 18, 19, 21, 
24), pygidia of the former species have one well-de- 
fined anterior axial ring, and a second ring that is sep- 
arated from the terminal piece by a faint ring furrow. 
Pleural furrows also become progressively effaced to- 
ward the rear. Expression of axial ring and pleural fur- 
rows is equally poor on ventral surfaces (PI. 13, fig. 
27) and, therefore, these features will be ill defined on 
internal molds. In contrast, Hall (1863, p. 160) noted 
the presence of three axial rings and a terminal piece 
in the axis of C.? binodosa, and described well-defined 
ribs on the pleural field. Pygidia attributed to this spe- 
cies by other workers (e.g., Grant, 1965, pl. 15, fig. 
18: Winston and Nicholls, 1967, pl. 9, fig. 2: Stitt, 
1971, pl. 5, fig. 7) all possess three pairs of firmly 
impressed pleural furrows that define convex pleural 
bands. In addition, these pygidia are relatively narrow- 
er than those illustrated herein. 

Pygidia of the type species of Corbinia, C. horatio 
Walcott, 1924 (Westrop and Ludvigsen, 1986, fig. 2.6— 
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2.8), are closely comparable to those of C. implumis 
in the degree of effacement. Corbinia implumis has 
rounded, closely spaced marginal spines, whereas 
those of C. horatio are widely spaced and sharply 
pointed. In addition, C. horatio lacks the pair of round- 
ed protuberances that are present on the terminal piece 
of the axis of C. implumis (e.g., Pl. 13, figs, 18, 24), 
and the pleural field carries granulose sculpture. Cran- 
idia of C. horatio from Walcott’s type lot (Westrop and 
Ludvigsen, 1986, fig. 2.1, 2.2, 2.5, 2.9) are mostly ex- 
foliated, but demonstrate that the external surface of 
the fixigena, frontal area, and at least part of the gla- 
bella was smooth. This species is also unique in the 
very small size of the palpebral lobes (e.g., Westrop 
and Ludvigsen, 1986, fig. 2.9: Westrop, 1986b, pl. 5, 
fig. 15). Our cranidia of C. implumis cover a broad 
size range and demonstrate that the relative length of 
the palpebral lobe was reduced during holaspid ontog- 
eny. Only the largest cranidium (PI. 13, fig. 1) has a 
palpebral lobe that approaches the size of that of C. 
horatio. 

The cranidia of C. implumis show the bifurcating 
occipital furrow and inflated lateral portion of the oc- 
cipital ring (e.g., Pl. 13, fig. 3) that was included in 
the diagnosis of Bayfieldia by Longacre (1970, p. 36). 
However, the phylogenetic significance of this feature, 
which is poorly expressed in C. horatio, is unclear 
because it also occurs in “Bayfieldia” simata Winston 
and Nicholls, 1967, (especially ““B.”? simata “‘var. A” 
Winston and Nicholls, 1967, pl. 9, fig. 24 [regarded 
herein as a separate species]) and, apparently, Maladia 
Walcott, 1924 (Walcott, 1925, pl. 16, figs. 23, 24). 


Family ENTOMASPIDIDAE Ulrich, 
in Bridge, 1931 


Genus HETEROCARYON Raymond, 1937 


Type species.—Heterocaryon platystigma Ray- 
mond, 1937, p. 1119. 


Heterocaryon vargum Westrop, 1986b 
Plate 14, figures 1—33 


Heterocaryon vargum Westrop, 1986b, p. 80, pl. 40, figs. 4-6 (see 
for complete synonymy); Loch et al., 1993, fig. 6.10. 


Figured material.—Five cranidia (SUI 99220— 
99224), seven librigenae (SUI 99225-99230, 99232), 
and two pygidia (SUI 99231, 99233). 

Discussion.—Cranidia from the Bullwhacker Mem- 
ber (Pl. 14, figs. 1-16) are closely comparable to si- 
licified specimens from the Rabbitkettle Formation, 
northwest Canada (Ludvigsen, 1982, fig. 5SA—F, H, L) 
assigned to Heterocaryon vargum Westrop, 1986b, a 
species known from two cranidia from the Mistaya 
Formation of the southern Canadian Rocky Mountains. 
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Pygidia illustrated herein (Pl. 14, figs. 26, 27, 29-33) 
are somewhat longer than those from the Rabittkettle 
Formation, and have a weak medial indentation (PI. 
14, figs. 30, 33) in the ventral margin of the steeply 
sloping border. Ludvigsen (1982, fig. 55G) illustrated 
a single incomplete librigena. New material illustrated 
herein (Pl. 14, figs. 17-19) demonstrates that the spe- 
cies, like Bowmania (Pl. 16, figs 18, 21, 22; Ludvig- 
sen, 1982, fig. 54F; Westrop, 1995, pl. 14, fig. 5), pos- 
sessed yoked librigenae. 


Genus BOWMANIA Walcott, 1924 


Type species.—Arethusina americana Walcott, 
1884, p. 62. 

Discussion.—In his revision of the genus, Ludvig- 
sen (1982, p. 69) included the presence of marginal 
cephalic spines on the librigenae in the diagnosis of 
Bowmania. Bowmania lassieae n. sp. from the Bull- 
whacker Member at Cherry Creek has a fringe of 
closely crowded, very short spines, and possession of 
a row of elongate spines can now be interpreted as a 
probable autapomorphy of the type species, B. amer- 
icana (Walcott, 1884). Librigenae are unknown for 
other species currently assigned to the genus. Ludvig- 
sen (1982, p. 72) noted that highly spinose librigenae 
occurred with cranidia of Bowmania pennsylvanica 
Rasetti, 1959, in the Frederick Limestone of Maryland. 
The types of B. pennsylvanica, however, are from the 
Conococheague Formation and lack librigenae; crani- 
dia from the Frederick Limestone are poorly preserved 
and only “tentatively attributed to the species’ (Ra- 
setti, 1959, p. 396). Thus, the nature of the librigenae 
of B. pennsylvanica remains uncertain. 

The dorsal pygidial margins of B. americana (Lud- 
vigsen, 1982, figs, 53K, 54H—L: Westrop, 1995, pl. 14, 
figs. 7, 9, 11) and B. bridgei (Rasetti, 1952, pl. 117, 
fig. 13) have narrow, nearly continuous raised rims, 
composed of low, closely spaced subrectangular pleu- 
ral spines, and Ludvigsen (1982, p. 69) included this 
trait (misconstured as a “‘pygidial border’’) in his di- 
agnosis. In the pygidium of B. lassieae (Pl. 17, figs. 
1-16, 18-20, 23, 25, 26, 28) the pleural spines are less 
crowded, and are similar to those of Heterocaryon var- 
gum (see above) (PI. 14, figs. 26, 29, 30-33). 


Bowmania lassieae, new species 
Plate 15, figures 1—30, Plate 16, figures 1-30, Plate 
17, figures 1-16, 18—20, 23, 25, 26, 28 


Diagnosis.—A species of Bowmania with a very 
subdued fringe of small spines along cephalic margin; 
occipital spine absent in all but smallest holaspids. An- 
terior cranidial border long, convex, with length 
roughly equal to occipital ring. Cranidial sculpture of 
closely spaced tubercles augmented by fine pits. Py- 
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gidial border formed by incompletely fused, square- 
tipped marginal spines. 

Description.—Cranidium subtrapezoidal in outline, 
with forwardly curved anterior margin; length 80 per- 
cent of width across palpebral lobes, and maximum 
width across posterior fixigenae 125 percent of width 
at palpebral lobes. Posterior cranidial margin curved 
weakly (Pl. 15, fig. 1) to strongly (Pl. 15, fig. 2) back- 
ward, so that lateral tips of posterior fixigenae extend 
back slightly to well behind occipital ring. Glabella 
parallel sided and well rounded anteriorly, with length 
67 percent of cranidal length and width 33 percent of 
cranidial width across palpebral lobes; strongly convex 
and stands well above level of fixigenae; in most spec- 
imens, accounts for about half of cranidial height in 
anterior view. Longitudinal profile of glabella weakly 
convex between occipital furrow and anterior tips of 
palpebral lobes, then sloping forward to become nearly 
vertical at preglabellar furrow. Axial and preglabellar 
furrows shallow grooves. Finely etched occipital fur- 
row is transverse medially but curved forward near 
axial furrow. Occipital ring accounts for slightly more 
than 20 percent of glabellar length; may bear large 
median tubercle or, in smallest individuals, minute, 
thorn-like occipital spine. Firmly impressed S1 furrow 
short and oblique, terminating close to axial furrow; 
S2 similar but more transverse. L1 about twice length 
of L2 and occupies about 20 percent of glabellar 
length; frontal lobe accounts for nearly 40 percent of 
glabellar length. Long frontal area with inflated, steep- 
ly sloping preglabellar field and shorter, gently convex 
anterior border; border occupies 33—40 percent of 
frontal area length. Anterior border furrow well-in- 
cised groove and curved forward, roughly parallel to 
anterior cranidial margin. Small, semicircular, gently 
upsloping palpebral lobe centered opposite L2 or, less 
commonly, S2 and equal to about 25 percent of gla- 
bellar length; differentiated from broad, gently inflated 
interocular fixigenae by change in slope. Convex pal- 
pebral ridge curved gently forward and reaches gla- 
bella near mid-length of frontal lobe. Anterior branch- 
es of facial sutures weakly convergent before swinging 
inward along anterior cranidial margin. Posterior 
branches moderately divergent, but curve inward at 
posterior border furrow. Posterior fixigenae with firmly 
impressed posterior border furrow and convex poste- 
rior border; near axial furrow, border equal to about 
seven percent of cranidal length and increases some- 
what in length distally. Surfaces of fixigenae and preg- 
labellar field finely pitted and carry closely spaced tu- 
bercles that are perforated by median pores in large 
cranidia. Similar tubercles present on glabella, anterior 
and posterior border and palpebral ridges, and _ scat- 
tered fine tubercles on inner part of palpebral lobe. 


Librigenae yoked anteriorly and carry long genal 
spines that curve gently outward and backward, and 
may be flexed upward distally; spine equal to 325 per- 
cent of length of librigenal field. Eye socle of two 
narrow bands separated by finely etched groove; upper 
band slightly smaller than lower band. Librigenal field 
tall, accounting for about 65 percent of librigenal 
height in lateral view, and slopes steeply downward 
from socle to borders. Lateral and posterior borders 
broad, shallow, confluent grooves. Lateral and poste- 
rior borders convex; doublure also convex and outer 
edge lies beneath border furrow. Librigenal field with 
pitted sculpture augmented with “pitted” tubercles 
similar to those on cranidium. Tubercles also present 
on lateral and posterior borders, and continue along 
proximal 33 percent of genal spine; remainder of genal 
spine finely granulose. Doublure carries fine terrace 
ridges. 

Thoracic segment with very long, gently inclined 
axial spine; spine about 14 times length of rest of seg- 
ment. Axis narrow, equal to slightly more than 20 per- 
cent of segment width, and convex, accounting for 
about 50 percent of segment height. Articulating half- 
ring slightly more than half of length of axial ring: 
articulating furrow transverse. Inner portion of pleura 
horizontal; outer portion flexed gently downward at 
fulcrum and teminates at slender spine. Pleural furrow 
transverse, finely etched groove and divides pleura into 
subequal anterior and posterior pleural bands. Pleurae 
and axial ring with sculpture of fine tubercles; tuber- 
cles present on proximal part of axial spine but grade 
into granulose scupture distally. 

Pygidium subelliptical in outline, with length about 
50 percent of maximum width. Axis long and narrow, 
occupying about 80 percent of pygidial length and 25 
percent of maximum pygidial width; convex, standing 
well above pleural field and accounting for about 60 
percent of pygidial height. Six axial rings and rounded 
terminal piece; anterior ring with semielliptical artic- 
ulating half-ring, equal to about 50 percent of length 
of ring and transverse, finely etched articulating fur- 
row. Ring furrows also transverse and finely etched. 
Pleural fields weakly arched in posterior view; flat near 
axis but flexed gently downward distally. At least four 
pairs of well-incised pleural furrows define subequal 
pleural bands. Anterior furrow nearly transverse before 
curving gently backward near border. Other furrows 
are increasingly oblique toward rear, and posteriormost 
does not reach border. Interpleural furrows finely 
etched and parallel to pleural furrows. Pygidial rim 
formed by closely crowded, square-tipped pleural 
spines. Border descends steeply from rim. Doublure 
extends inward medially to posterior edge of axis, but 
widens abaxially to become about 200 percent of me- 
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dial width at anterior corners of pygidium. Sculpture 
of fine tubercles on axial rings and pleural bands; on 


some segments, sculpture is missing on some anterior 


pleural bands. 

Holotype.—A cranidium (SUI 99234; Pl. 15, figs. 
1, 4, 7, 12, 13) from the Bullwhacker Member, Wind- 
fall Formation, Barton Canyon, Cherry Creek Range. 

Figured material.—Fifteen cranidia (SUI 99234— 
99248, 99250), four librigenae (SUI 99251, 99253- 
99255), one thoracic segment (SUI 99249), and nine 
pygidia (SUI 99256-99264). 

Etymology.—Named for Lassie. 

Discussion.—The type species of Bowmania, B. 
americana (Walcott, 1884) is known from a single 
cranidium from the Eureka mining district of Nevada. 
Specimens from various regions of Laurentia have 
been assigned to it, but more data from Nevada are 
required to properly evaluate the true range of varia- 
tion of the species. Material from elsewhere (Ludvig- 
sen, 1982, fig. S3K—S, fig. 54A—O; Westrop, 1995, pl. 
14, figs. 1-14), is variable in sculpture, frontal area 
length, and glabellar proportions, but all cranidial 
morphs are characterized by the presence of an occip- 
ital spine and a shorter anterior border than B. lassieae; 
librigenae have fringe of long marginal spines (Lud- 
vigsen, 1982, figs. 53P, 54E G, M—O; Westrop, 1995, 
pl. 14, figs. 5, 12). The type lot of B. pennsylvanica 
Rasetti (1959, pl. 55, figs. 1-5) apparently varies 
somewhat in cranidial sculpture (Taylor in Taylor and 
Halley, 1974, p. 21), but all specimens are character- 
ized by very short anterior borders. The cranidum 
identified as B. cf. B. pennsylvanica by Taylor (in Tay- 
lor and Halley, 1974, pl. 2, figs. 12-14) also has a 
short anterior border, and the preglabellar field de- 
scends steeply from the anterior end of the glabella. 
Bowmania sagitta Winston and Nicholls (1967, pl. 10, 
figs. 19, 20) has a medially pointed anterior margin, 
which gives the cranidium a subpentagonal outline. 

The less crowded pygidial pleural spines separates 
the pygidium of B. lassiae (Pl. 17, figs. 1-16, 18-20, 
23, 25, 26, 28) from all other species of the genus for 
which this sclerite is known (e.g., Rasetti, 1952, pl. 
117, fig. 13; Ludvigsen, 1982, figs, 53K, 54H—-L; Wes- 
trop, 1995, pl. 14, figs. 7, 9, 11). 


Family PLETHOPELTIDAE Raymond, 1925 


Discussion.—The most recent evaluation of the 
Plethopeltidae was presented by Ludvigsen and Wes- 
trop (in Ludvigsen er al., 1989, p. 56). Of the char- 
acters listed in their diagnosis, the terminations of the 
thoracic pleurae appear to be the most robust of the 
potential synapomorphies that define the group. Pleth- 
opeltis Raymond, 1913, has distinctive, square-tipped 
segments with ill-defined spines that appear to be con- 


tinuations of the anterior pleural bands (Ludvigsen er 
al., 1989, pl. 45, figs. 9-11, pl. 46, fig. 2, 3). Identical 
thoracic tips are present in Leiocoryphe Clark, 1924 
(Ludvigsen ef al., 1989, pl. 48, fig. 11, pl. 49, figs. 7, 
11, 12) and on all but the three anterior segments of 
Stenopilus pronus Raymond, 1924 (Stitt, 1976, pl. 2, 
fig. 1). 

A wide range of pygidia have been attributed to 
species assigned to Plethopeltis (e.g., Rasetti, 1959, pl. 
SSueses oy LOIS Stitt, lO IeypIo mites. 13.4: 
18, pl. 8, fig. 14; Westrop, 1986b, pl. 36, figs. 7, 10, 
12, 13, pl. 37, figs. 6, 8-10, 14, 15; Ludvigsen et al., 
1989, pl. 45, figs. 2, 9, 10, pl. 46, figs. 12, 14, 18, 19), 
suggesting that the current classification captures only 
a fraction of the phylogenetic structure that might be 
retrieved from a detailed analysis of the Plethopeltidae. 
Recognition of Plethometopus Ulrich, in Bridge, 1931, 
and Plethopeltis as differently effaced grades, how- 
ever, as advocated by Loch ef al. (1993), does not 
address this issue and merely creates paraphyly in 
Plethopeltis. Further revision is needed, but is beyond 
the scope of this monograph. 


CHERRYCREEKIA, new genus 


Type species.—Cherrycreekia benjii, new species. 

Diagnosis.—A genus of? Plethopeltidae with cran- 
idial outline bluntly pointed at anterior. Librigenae 
with long, slender, outwardly curved genal spine. Py- 
gidium with short axis reduced to single axial ring and 
terminating at conspicuous ridge that is directed steep- 
ly upward and backward. Pleural and interpleural fur- 
rows absent. 

Etymology.—For the Cherry Creek Range. 
Bynumiella? oklahomensis Res- 


Assigned species. 
ser, 1942; Cherrycreekia benjii n. sp. 

Discussion.— Cherrycreekia resembles several var- 
iably effaced, mostly small and probably polyphyletic 
Sunwaptan trilobites, including Calvipelta Westrop, 
1986b and Pugionicauda Westrop, 1986b. Westrop 
(1986b) initially assigned them to the family Kings- 
toniidae but later (Westrop, 1992) argued that differ- 
ences in the structure of the occipital ring cast doubt 
on a relationship with such genera as Kingstonia Wal- 
cott, 1924, and Bynumia Walcott, 1924. As discussed 
above, Calvipelta may prove to be an effaced eupty- 
chaspidine, but the affinities of Pugionicauda remain 
uncertain. 

Cranidia from the Mistaya Formation, Alberta, 
(Westrop, 1986b, pl. 41, figs. 11-13) are clearly con- 
specific with those illustrated herein (PI. 18, figs. 1— 
23, 29, 30). In discussing the affinities of this species, 
Westrop (1986b) made comparisons with Acheilus 
Clark, 1924, (see Ludvigsen, 1986), but noted that dif- 
ferences in the size and position of the palpebral lobes 
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made an assignment to that genus questionable. Also, 
the glabella of Achei/us is subrectangular in outline 
(Ludvigsen er al., 1989, pl. 37, figs. 6, 12), whereas 
C. oklahomensis (Resser, 1942) (Westrop, 1986b, pl. 
41, fig. 8) has a glabella that is tapered anteriorly. 
Thus, while comparisons between effaced taxa are 
fraught with difficulty, the available information 
makes a close relationship between Cherrycreekia and 
Acheilus unlikely. 

Cherrycreekia is most likely a member of the family 
Plethopeltidae. The new silicified material (PI. 18, figs. 
1—23) shows that the cranidial outline of Cherrycreek- 
ia is very similar to that of Plethopeltis (e.g., see Lud- 
vigsen, 1982, fig. 56T—V; Ludvigsen and Westrop, 
1983b, pl. 19, figs. 1-5, 8, 9; Westrop, 1986b, pl. 36, 
figs. 1, 2, 14, 16, 17, 19, pl. 37, figs. 1-3, 11-13), and 
differs only in the bluntly pointed, rather than evenly 
rounded, anterior cranidial margin (e.g., Pl. 18, fig. 16) 
and the less divergent posterior branches of the facial 
sutures. The long, slender, outwardly curved genal 
spines differ from the short, stout spines that are de- 
veloped in Plethopeltis (e.g., Ludvigsen and Westrop, 
1983b, pl. 18, figs, 7, 8, 13, pl. 19, fig. 10; Westrop, 
1986a, pl. 36, fig. 5; Ludvigsen ef al., 1989, pl. 45, 
fig. 11, pl. 46, fig. 1): other plethopeltid genera possess 
rounded genal angles (e.g., Ludvigsen et al., 1989, pl. 
47, fig. 3, pl. 48, figs. 3, 9, pl. 49, fig. 22, pl. 50, figs. 
2): 

Square-tipped thoracic segments (Pl. 17, figs. 48, 
49) similar to those of Plethopeltis and Leiocoryphe 
(e.g., Ludvigsen et al., 1989, pl. 45, figs. 9-11, pl. 46, 
fig. 2, 3, pl. 48, fig. 11, pl. 49, figs. 7, 11, 12) may 
belong to Cherrycreekia and provide strong support 
for an assignment to the Plethopeltidae. 

The pygidium of Cherrycreekia has a distinctive 
ridge at the posterior end of the short axial lobe that 
must have docked with the cephalic doublure during 
enrollment. Although a wide diversity of plethopeltid 
tails have been described (e.g., Rasetti, 1959, pl. 3, 
figs: 3; 5; 7; 13, 18; 19; 20; 21, 28-30; Sttt, 1971), pl. 
4, fig. 10, pl. 6, figs. 13, 14, 18, pl. 8, fig. 14; Westrop, 
1986b, pl. 36, figs. 7, 10, 13, pl. 37, figs. 6, 8, 9, 14; 
Ludvigsen ef al., 1989, pl. 45, figs. 2, 9, pl. 46, figs. 
3, 12, 14, 18, 19, pl. 47, figs. 5, 6, 8, 9, 11-14, pl. 48, 
figs. 5, 18-20. pl. 49, figs. 3, 7, 11, 12, 19), none 
possesses a comparable structure. Ridge-shaped struc- 
tures that presumably functioned in enrollment also 
occur on pygidia of the euptychasidine, Euptychaspis 
(Pl. 6, figs. 37-39, 42—44; see also Taylor and Halley, 
1974, pl. 2, fig. 11; Ludvigsen, 1982, fig. S8S—U; Wes- 
trop, 1995, pl. 7, fig. 21), but are much lower than in 
Cherrycreekia. In both genera, the down-sloping re- 
gion of the pygidium outside of the ridge is unfur- 
rowed, and carries a sculpture of anastomosing terrace 


ridges or coarser ridges. Despite these general similar- 
ities, we are confident the pygidium of Cherrycreekia 
is correctly assigned. Sclerites of Cherrycreekia do not 
occur in association with cranidia and librigenae of 
euptychaspidines. There are numerous differences in 
the structure of the cranidia and librigenae between 
Euptychaspis and Cherrycreekia, so that pygidial sim- 
ilarities are reasonably interpreted as homoplasious. It 
is also worth noting that several features of the pygid- 
ium of Cherrycreekia also occur in some plethopeltids, 
including the overall outline and the convex, down- 
sloping pleural field with sculpture of terrace ridges 
(e.g., Rasetti, 1959, pl. 53, figs. 17-19). 


Cherrycreekia benjii, new species 
Plate 18, figures 1—30, Plate 19, figures 1-11, 17, 
?Plate 17, figures 48, 49 


Acheilus? ct. oklahomensis (Resser, 1942). Westrop, 1986b, p. 83, 
pl. 41, figs. 11-13 (only; fig. 10 = Calvipelta spinosa). 


Diagnosis.—A species of Cherrycreekia with gla- 
bella effaced anteriorly and with long, slender occipital 
spine. 

Description.—Cranidium subrectangular in outline, 
with bluntly pointed anterior margin; width across pal- 
pebral lobes slightly greater than preoccipital length. 
Long, slender occipital spine directed gently upward 
at about 10 degrees and equal to at least 50 percent of 
preoccipital cranidial length. Lateral cranidial profile 
gently convex between occipital furrow and anterior 
tips of palpebral lobes, then slopes evenly downward 
at about 45 degrees to anterior cranidial margin. Cran- 
idial furrows largely effaced, with very shallow, sub- 
parallel axial furrows expressed only between poste- 
rior Margin and anterior tips of palpebral lobes. Gla- 
bella moderately arched posteriorly, occupying about 
60 percent of width between palpebral lobes, but un- 
differentiated from fixigena in front of palpebral lobes. 
Faint, transverse occipital furrow evident on most 
specimens; occipital ring subtriangular, length (exclud- 
ing spine) equal to slightly more than 25 percent of 
preoccipital cranidial length. Palpebral lobes semiellip- 
tical flaps, horizontal or gently down sloping; differ- 
entiated from down-sloping interocular field centered 
slightly behind cranidial mid-length; length equal to 
about 75 percent of occipital ring length. Anterior 
branches of facial sutures initially subparallel, then 
curve smoothly inward to become nearly tranverse at 
midline; posterior branches diverge for short distance 
before becoming subparallel. Posterior fixigenae sub- 
triangular in outline and flexed downward at about 45 
degrees; posterior border furrow obsolete. External 
surface of cranidium smooth. 

Librigena with long, stout, gently tapered, slightly 
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advanced genal spine curved outward and backward: 
length about 160 percent length of remainder of libri- 
gena. Eye socle composed of two parallel bands sep- 
arated by shallow, transverse groove; upper band 
somewhat smaller than lower band. Librigenal field 
slopes steeply downward almost to cranidial margin: 
lateral border very narrow rim separated from libri- 
genal field by finely etched groove. Doublure narrow, 
gently convex and maintains even width. External sur- 
face of librigena smooth, except for coarse terrace 
ridges on border. 

Pygidium subelliptical in outline, with length about 
80 percent of maximum width; strongly convex, with 
distinct arch in posterior margin; lateral margins 
straight, oblique, and broad posterior margin well 
rounded. Axis very short, equal to about 25 percent of 
pygidial length, and bounded posteriorly by tall, wall- 
like ridge extending upward and backward to termi- 
nate well above level of axis; in posterior view, ridge 
has inverted v-shape. Single transverse axial ring and 
subequal articulating half-ring with gently curved an- 
terior margin; articulating furrow shallow, nearly 
transverse groove. Pleural field unfurrowed and flexed 
steeply down to posterior margin; border and border 
furrow absent. Doublure narrow, gently convex and 
maintains even width along posterior margin; length 
equal to 10 percent of pygidial length. Pleural field 
with sculpture of anastomosing terrace ridges; ridge at 
end of axis may have small node at apex. 

Holotype.—A cranidium (SUI 99276; Pl. 18, figs. 
1, 2, 5, 10, 12) from the Bullwhacker Member, Wind- 
fall Formation, Barton Canyon, Cherry Creek Range. 

Figured material.—Eight cranidia (SUI 99276— 
99282, 99286), three librigenae (SUI 99284, 99285, 
99287), three pygidia (SUI 99288—99290) and, possi- 
bly, one thoracic segment (SUI 99268). 

Etymology.—Named for Benji. 

Discussion.— Cherrycreekia oklahomensis (Resser, 
1942) (Westrop, 1986b, pl. 41, figs. 8, 9; see also Stitt, 
1971, pl. 7, fig. 15) differs from C. benjii n. sp. in the 
absence of an occipital spine, and by possession of a 
more nasute anterior cranidial margin. Cherrycreekia 
oklahomensis is also less effaced, so that the glabella 
is outlined completely by axial and preglabellar fur- 
rows on both the dorsal surface of the exoskeleton 
(Stitt, 1971, pl. 7, fig. 15) and on internal molds (Wes- 
trop, 1986b, pl. 41, figs. 8, 9). Faint S1 lateral furrows 
and a more firmly impressed occipital furrow are pres- 
ent, as are palpebral ridges. 

As discussed above, cranidia from the Mistaya For- 
mation, Alberta, assigned by Westrop (1986b) to Ach- 
eilus cf. oklahomensis (Resser, 1942), are unquestion- 
ably conspecific with C. benji. Westrop (1986b, pl. 41, 
fig. 10) also attributed a small, exfoliated pygidium 


with a long axis to this species, but it most likely be- 
longs to Calvipelta spinosa Westrop, 1986b, which oc- 
curs through the same stratigraphic interval (Westrop, 
1986b, fig. 31). 


GLABERASPIS, new genus 


Type species.—Glaberaspis scoobydooi, new spe- 
cles. 

Diagnosis.—A blind, isopygous genus of ?Pletho- 
peltidae with semielliptical pygidium with long, nar- 
row axis that consists of four axial rings and terminal 
piece. Convex cranidium with conspicuous occipital 
ring that is curved strongly backward. Where evident, 
glabella is forwardly tapered and subtriangular in out- 
line. 

Etymology.—From glaber, hairless, bald, smooth, 
and aspis, shield, in reference to the strongly effaced 
cranidium of this species. 

Assigned species.—Leiocoryphe occipitalis Rasetti, 
1944: Leiocoryphe longiceps Rasetti, 1963; Bynumiel- 
la vescula Stitt, 1971; Glaberaspis scoobydooi n. sp. 

Discussion.—In their revision of the plethopeltid 
genera, Ludvigsen and Westrop (in Ludvigsen ef al., 
1989) assigned Leiocoryphe occipitalis Rasetti and L. 
longiceps Rasetti only questionably to that genus in 
the absence of information of the pygidium. Cranidia 
of both of these species, and a related new species 
from the Bullwhacker Member, differ from those of 
Leiocoryphe in possessing conspicuous, backwardly 
curved occipital rings. The new species has a pygidi- 
um (PI. 19, figs. 24-39) that differs markedly from all 
previously described plethopeltid pygidia, and pro- 
vides the basis for the establishment of a new genus. 
The pygidium of Glaberaspis scoobydooi n. gen. and 
sp. is semielliptical in outline, with a long, well-de- 
fined axis that consists of four axial rings and a ter- 
minal piece. Cranidia and pygidia show a comparable 
size range, suggesting that it was isopygous. In con- 
trast, Leiocoryphe is micropygous with an effaced len- 
ticular pygidium whose axis is broad and convex (Lud- 
vigsen et al., 1989, pl. 48, fig. 11, pl. 49, figs. 3, 4, 7, 
Nils 1D), 

Although the dorsal surface of the cranidium of 
Glaberaspis is effaced, the ventral surface of the exo- 
skeleton shows the barely perceptible outline of an an- 
teriorly tapered, subtriangular glabella (Pl. 19, figs. 16, 
19; the dark, triangular areas near the posterior mar- 
gins of the cranidia are shadows created by flash pho- 
tography). Taylor (1976) suggested that Bynumiella 
vescula Stitt (1971, pl. 7, figs. 16-18) should be as- 
signed at least questionably to Leiocoryphe. The well- 
defined occipital ring and anteriorly tapered, subtrian- 
gular glabella, however, both suggest that this species 
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is related to G. scoobydooi. Differences between these 
two species are discussed below. 

Like Leiocoryphe and Glaberaspis, Meniscocoryphe 
Ludvigsen and Westrop (in Ludvigsen er al., 1989) is 
blind, and possesses broad, short, transversely semi- 
elliptical pygidia. Although expressed only on the ven- 
tral surface of the exoskeleton, the long, narrow axis 
of Mensicocoryphe (e.g., Ludvigsen et al., 1989, pl. 
49, fig. 19) appears to consist of at least four segments 
and, in this respect, resembles the pygidium of Gla- 
beraspis. Pygidia of Meniscocoryphe (e.g., Stitt, 1971, 
pl. 4, fig. 10; Westrop, 1986b, pl. 38, fig. 21; Ludvig- 
sen et al., 1989, pl. 49, figs. 19, pl. 50, fig. 3) encom- 
pass a similar size range as associated cranidia and it 
is possible that this genus, like Glaberaspis, was iso- 
pygous. 

Both Stenopilus and Plethopeltis differ from Gla- 
beraspis in possessing eyes. Cranidia of Stenopilus 
(e.g., Ludvigsen et al., 1989, pl. 47, figs. 1-4, 7, 16— 
22, pl. 48, figs. 1-3, 8, 9, 13-16) are comparable to 
Glaberaspis in the degree of effacement, but are more 
strongly arched longitudinally. The effaced pygidia of 
Stenopilus are typically short and possess broad, con- 
vex axes (e.g., Ludvigsen et al., 1989, pl. 47, figs. 5, 
6, 9, 12-14, pl. 48, figs. 4-6, 12). The glabella of 
Plethopeltis is defined by axial furrows at least pos- 
teriorly and, where fully expressed, is very gently ta- 
pered and rounded anteriorly (e.g., Ludvigsen and 
Westrop, 1983b, pl. 18, figs. 1-3, 9, 12, pl. 19, figs. 
1, 6, 8, 11, 13). In late meraspids of Plethopeltis has- 
tatus (Westrop, 1986b, pl. 38, fig. 14), however, the 
glabella is subtriangular in outline, and resembles Gla- 
beraspis much more closely. Although most species of 
Glaberaspis possess posteriorly rounded occipital 
rings, G. cf. G. occipitalis from the Shallow Bay For- 
mation (Ludvigsen ef al., 1989, pl. 49, figs. 17, 18) 
has a tapered, posteriorly pointed occipital ring and 
distinct occipital furrow that closely resembles those 
of some species of Plethopeltis (e.g., Westrop, 1986b, 
pl. 36, figs, 8, 9, pl. 37, fig. 6; Ludvigsen er al., 1989, 
pl. 46, figs. 6, 8, 13) 

In the absence of information on the thoracic seg- 
ments, assignment of Glaberaspis (and Meniscocory- 
phe) to the Plethopeltidae must be tentative. It is also 
worth making comparisons with Clelandia Cossman, 
a genus whose affinities are currently uncertain. Wes- 
trop (1986b) commented on the similarities between 
some species of this genus and G. vescula. The gla- 
bella of the type species, C. typicalis (Resser, 1942) 
(Westrop, 1986b, pl. 41, figs. 20-30) is strongly ta- 
pered and subtriangular in outline. Lateral glabellar 
furrows are effaced on the external surface of the exo- 
skeleton but, as in G. vescula (e.g., Stitt, 1971, pl. 7, 
figs., 17, 18), they are expressed on internal molds as 


ill-defined pits that are connected across the glabella 
by a shallow furrow (e.g., Westrop, 1986b, pl. 41, figs. 
23, 24). Pygidia of Clelandia are quite different from 
those of Glaberaspis or any other plethopeltid (Nor- 
ford, 1969). 


Glaberaspis scoobydooi, new species 
Plate 19, figures 12—16, 18-39 


Diagnosis.—A_ species of Glaberaspis with con- 
spicuous, posteriorly rounded occipital rings that lacks 
an occipital furrow. Glabella is poorly defined on ven- 
tral surface of exoskelton. 

Description.—Cranidium  subelliptical in outline, 
with width between posterior corners of fixigenae 90— 
95 percent of length; strongly convex with highest 
point at posterior end of occipital ring: lateral profile 
gently curved upward and steeping in slope along an- 
terior third of cranidium. All cranidial furrows com- 
pletely effaced on dorsal surface; strongly tapered, 
subtriangular glabella outline barely perceptible on 
ventral surface. Occipital rings conspicuous, occupy- 
ing about 30 percent of cranidial length and about 70 
percent of maximum cranidial width; posterior margin 
curved strongly backward. Palpebral lobes absent. In 
dorsal view, sutures converge forward in smooth 
curve. In anterior view, each branch of the sutures ap- 
pears gently curved upward, meeting on midline, so 
that anterior tip of cranidium is pointed (PI. 19, fig. 
20). External surface of cranidium is smooth. 

Pygidium semielliptical in outline with length 67— 
80 percent of maximum width (lower proportions in 
smaller pygidia). In posterior view, axis and pleural 
fields weakly arched, with very weakly concave lateral 
margins descending steeply. Axis long, narrow, ta- 
pered gradually backward, and gently convex, occu- 
pying 33-43 percent of pygidial width at anterior 
(lower proportions in smaller pygidia), and nearly 95 
percent of pygidial length in dorsal view. Axial fur- 
rows very shallow grooves. Axial rings and ring fur- 
rows ill defined on dorsal surfaces of larger pygidia; 
ventral surfaces of larger pygidia and dorsal surfaces 
of some small individuals show four axial rings and 
rounded terminal piece separated by nearly transverse 
axial furrows. Pleural field crossed by faint, oblique 
pleural furrows. Border in form of narrow rim at base 
of steeply descending flanks of pygidium. External 
surface of pygidium is smooth. 

Holotype.—A cranidium (SUI 99291; Pl. 19, figs. 
12, 14, 19, 20) from the Bullwhacker Member of the 
Windfall Formation, Barton Canyon, Cherry Creek 
Range. 

Figured material.—Three cranidia (SUI 99291— 
99293) and five pygidia (SUI 99294-99298). 

Etymology.—Named for Scooby-Doo. 
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Discussion.—The conspicuous, well-rounded occip- 
ital ring of Glaberaspis scoobydooi is shared with G. 
occipitalis (Rasetti, 1944), a species that has been re- 
ported from the south-central United States (e.g., Bell 
and Ellinwood, 1962; Stitt, 1971) and eastern Canada 
(Rasetti, 1944; Ludvigsen ef al., 1989). However, all 
cranidia assigned previously to the latter species (Bell 
and Ellinwood, 1962, pl. 59, fig. 4; Stitt, 1971, pl. 4, 
fig. 13; Ludvigsen et al., 1989, pl. 49, figs. 15, 16) 
possess a well-defined occipital furrow on both testate 
and exfoliated surfaces, whereas the furrow is absent 
on G. scoobydooi. In addition, the occipital ring 1s the 
most elevated portion of the cranidium of G. scooby- 
dooi (Pl. 19, figs. 14, 18, 21), whereas stereopairs of 
G. occipitalis (e.g., Stitt, 1971, pl. 4, fig. 13) indicate 
that the central portions of the cranidium are strongly 
convex and are elevated above the occipital ring. Gla- 
beraspis cf. G. occipitalis from the Shallow Bay For- 
mation of western Newfoundland (Ludvigsen ef al., 
1989, pl. 49, figs. 17, 18) has a tapered, posteriorly 
pointed occipital ring and distinct occipital furrow, and 
probably represents an undescribed species. Glaber- 
aspis longiceps (Rasetti, 1963, pl. 130, figs. 21-26) 
has a relatively narrower cranidium than G. scooby- 
dooi and is much more convex, so that the anterior 
end slopes almost downward in lateral view. In addi- 
tion, an occipital furrow is expressed on at least larger 
individuals (Rasetti, 1963, pl. 130, fig. 25). 

Glaberaspis vescula (Stitt, 1971, pl. 7, figs. 16-18: 
see also Taylor, 1976, pl. 3, fig. 21) bears a superficial 
resemblance to G. scoobydooi, but shows an anteriorly 
tapered glabella on testate (Stitt, 1971, pl. 7, fig. 16) 
and exfoliated surfaces (Stitt, 1971, figs. 17, 18; Wes- 
trop, 1986b, pl. 41, fig. 31). Stitt (1971, p. 23) de- 
scribes “‘very faint” palpebral lobes and furrows, al- 
though they are not evident in his photographs (1971, 
pl. 7, figs. 16-18). Examination of the holotype (OU 
6519) and paratypes (OU 6520, OU 6521), housed at 
the Oklahoma Museum of Natural History, showed 
that these features are not present. The apparent de- 
flection in the suture on the left side of the holotype 
(Stitt, 1971, pl. 7, fig. 16) is actually a broken surface, 
and the sutures form a smooth curve in lateral view. 
At least parts of the lateral cranidial margins of the 
paratypes have been damaged during preparation and 
do not show the true course of the facial sutures. 


Family UNCERTAIN 


GEN. AND SP. INDET. 
Plate 17, figures 51—53 


Figured material.—One cranidium (SUI 99275) 
Discussion.—A single cranidium is characterized by 
a narrow, convex, gently tapered, anteriorly rounded 


glabella with three pairs of shallow lateral furrows. 
Palpebral lobes are long, extending from the occipital 
furrow to the S3 furrow, and are separated from nar- 
row fixigenae by finely etched palpebral furrows. The 
short frontal area lacks an anterior border and border 
furrow. 

The long palpebral lobes invite comparison with 
genera of the Dikelocephalidae or, perhaps, Eureki- 
idae. However, dikelocephalids typically possess con- 
spicuous, transglabellar S1 furrows throughout the ho- 
laspid ontogeny (e.g., Pl. 2, figs. 2, 13, 15, 34), where- 
as the cranidium described herein has weak lateral fur- 
rows only. Some eurekiids have lateral furrows that 
approach those of our cranidium (e.g., Ludvigsen, 
1982, fig. 61 A—F), but those species with long palpe- 
bral lobes are characterized by very narrow interocular 
fixigenae (e.g., Westrop, 1986b, pl. 6, fig. 15). 


UNASSIGNED SCLERITES 
Plate 17, figures 17, 21, 22, 24, 27, 29—47, 50 


Discussion.—Thoracic segments with narrow pleu- 
rae and extremely long axial spines (PI. 17, figs. 17, 
21, 22, 24, 27, 29, 30, 34, 36) are presumably from 
the posterior part of a thorax. Similar segments occur 
at the end of the thoraces of articulated individuals of 

‘ukonaspis from the lower Bullwhacker Member at 
Cherry Creek (Adrain and Westrop, unpublished data), 
although other sclerites of this genus have not been 
recovered from the samples described herein. 

Hypostomes have been attributed to very few Sun- 
waptan trilobites. Eurekiid (Ludvigsen, 1982; Pl. 11, 
figs. 1-11), plethopeltid (Westrop, 1986b, pl. 36, fig. 
3, pl. 37, fig. 16; Ludvigsen er al., 1989, pl. 46, fig. 
15) dikelocephalid (PI. 1, figs. 5, 6, 8; Ulrich and Res- 
Ser 1933, pla26) foaG) pls siltaio 2 pla Sonos» ple 
30; fis. 135 ple 37, nes 37Shergold WOON ple 3: tie: 
11, pl. 4, figs. 7, 14, 20) and ptychaspidid (Lochman 
and Hu, 1959, pl. 58, fig. 25; Westrop, 1986b, pl. 7, 
fig. 9, pl. 8, figs. 4, 16) hypostomes have been docu- 
mented and, on this basis, the specimens illustrated 
herein are unlikely to belong to Prosaukia, Eupty- 
chaspis, Sunwaptia, Corbinia, Cherrycreekia or Gla- 
beraspis. 

The hypostomes are similar in outline, convexity 
and shape of the median body, expression of the me- 
dian furrow and the morphology of the lateral and pos- 
terior borders. They differ in size and position of the 
anterior and posterior wings. On the basis of size, the 
larger specimens illustrated herein (PI. 17, figs. 33, 35, 
37, 40, 42, 45) might belong to ///aenurus montanen- 
SIS. 

A single pygidium (Pl. 17, figs. 31, 38, 43) is con- 
vex with a well-defined axis of three rings and a ter- 
minal piece, weakly furrowed pleural field, narrow 
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posterior border and a well-defined median embay- 
ment of the posterior margin in posterior view. Only 
two genera, Triarthropsis and Gen. Uncertain, are po- 
tential candidates for this pygidium, as all others occur 
with pygidia that are assigned with confidence. Al- 
though a wide variety of pygidia have been attributed 
to catillicephalids (e.g., Ludvigsen ef al., 1989, pl. 32, 
figs. 21, 22, 28, 29, pl. 34, figs. 13, 28, 29, pl. 35, fig. 
7), the specimen illustrated herein is unlikely to belong 
to either species of Triarthropsis present in our col- 
lections. The pygidia associated with holotype of T. 
limbata Rasetti in Virginia (Rasetti, 1959, pl. 52, figs. 
5-8) are quite different, with long, multi-segmented 


axes and pleural fields traversed by up to six pairs of 
firmly impressed pleural and interpleural furrows. The 
pygidia that occur with cranidia of 7. nitida Ulrich 
(Rasetti, 1959, pl. 55, figs. 6-8) are comparable to 
those of 7. limbata and are unlike our specimen. 

As noted earlier, under the discussion of Prosaukia 
oldyelleri, dikelocephalid thoracic segments (Pl. 17, 
figs. 41, 46, 50) are left unassigned because they pos- 
sess sculpture of coarse granules that is not matched 
in either of the species described herein. A librigena 
(Pl. 17, fig. 47) also belongs to a dikelocephalid tri- 
lobite but differs from those of P. oldyelleri (Pl. 2, 
figs. 35, 37-39; Pl. 3, figs. 33, 41) in having a shorter, 
more slender and rapidly tapering genal spine. 
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I—4. Cranidium, SUI 99042, dorsal, left lateral, anterior, and ventral views, * 15. 

5, 6, 8. Hypostome, SUI 99043, ventral, right lateral, and posterior views, <4. 

7, 10. Lett librigena, SUI 99044, external and internal views, X12. 

9. Left librigena, SUI 99045, external view, = 10. 

11. Right librigena, SUI 99046, external view, * 12. 

12. Right librigena, SUI 99047, external view, < 10. 

13, 18, 22, 23, 26. Pygidium, SUI 99048, dorsal, posterior, oblique, lateral and ventral views, <3. 
14, 15, 21. Thoracic segment, SUI 99049, dorsal, right lateral, and anterior views, 7.5. 

16, 17, 20. Thoracic segment, SUI 99050, dorsal, right lateral, and anterior views, 7.5. 

19, 24, 25. Pygidium, SUI 99051, dorsal, posterior, and right lateral views, < 10. 
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1, 5, 8, 12. Cranidium, SUI 99052, dorsal, left lateral, anterior, and oblique views, <4. 
, 6, 9. Cranidium, SUI 99053, dorsal, left lateral, and anterior views, <7.5 

Cranidium, holotype, SUI 99054, ventral, dorsal, right lateral, and anterior views, «7.5 
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Cranidium, 
Cranidium, 
. Cranidium, 
Cranidium, 
Cranidium, 
Cranidium, 
Cranidium, 
Cranidium, 


SUI 99055, 
SUI 99056, 
SUI 99057, 
SUI 99058, 
SUI 99059, 
SUI 99060, 
SUI 99061, 
SUI 99062, 


dorsal, left lateral, and anterior views, *7.5. 
dorsal, anterior, and right lateral views, 7.5. 
dorsal, left lateral, and anterior views, 10. 
dorsal, right lateral, and anterior views, <7.5. 
dorsal, left lateral, and anterior views, 15. 
left lateral, dorsal, and anterior views, *7.5. 
dorsal, right lateral, and anterior views, 7.5. 
anterior, left lateral, and dorsal views, <7.5. 


Right librigena, SUI 99063, external view, <7.5. 
37-39. Left librigena, SUI 99064, external, ventrolateral, and internal views, *7.5. 
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1, 4, 5, 7, 8. Pygidium, SUI 99065, dorsal, posterior, right lateral, ventral, and oblique views, 7.5. 

2, 6. Pygidium, SUI 99066, dorsal and left lateral views, *7.5. 

3, 9, 10. Pygidium, SUI 99067, dorsal, posterior, and right lateral views, *7.5. 

11. Pygidium, SUI 99068, dorsal view, * 10. 

12. Pygidium, SUI 99069, dorsal view, 7.5. 

13, 14, 18, 25. Pygidium, SUI 99070, dorsal, posterior, ventral, and right lateral views, 7.5. 

15, 19. Pygidium, SUI 99071, dorsal and right lateral views, < 10. 

16. Pygidium, SUI 99072, dorsal view, * 10. 

17, 20, 21. Pygidium, SUI 99073, dorsal, right lateral, and posterior views, < 10. 

22, 26, 27. Pygidium, SUI 99074, dorsal, right lateral, and posterior views, 10. 

23, 28, 29. Pygidium, SUI 99075, dorsal, right lateral, and posterior views, * 10. 

24, 34. Pygidium, SUI 99076, dorsal and posterodorsal views, x 10. 

30, 35, 36. Pygidium, SUI 99077, dorsal, posterior, and left lateral views, * 12. 

31, 37, 38. Pygidium, SUI 99078, dorsal, posterior, and left lateral views, «15. 

32, 29, 40. Transitory pygidium, SUI 99079, right lateral, dorsal, and posterior views, 15. 

33. Left librigena, SUI 99080, external view, *7.5. 

41. Left librigena, SUI 99081, external view, 5. 
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EXPLANATION OF PLATE 4 
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1, 5, 8. Cranidium, SUI 99082, dorsal, anterior, and right lateral views, * 15. 

6, 9. Cranidium, SUI 99083, dorsal, anterior, and left lateral views, *15. 
, 7. Cranidium, SUI 99084, dorsal and right lateral views, 15. 
4. Cranidium, SUI 99085, dorsal view, 15. 
10, 14, 18. Cranidium, SUI 99086, dorsal, anterior, and left lateral views, * 15. 
11, 15. Cranidium, SUI 99087, dorsal and left lateral views, «15. 
12, 13, 16, 17. Cranidium, SUI 99088, dorsal, left lateral, ventral, and anterior views, * 15. 
19. Left librigena, SUI 99089, external view, *15. 
20. Right librigena, SUI 99090, external view, * 15. 
22, 23. Left librigena, SUI 99091, external and internal views, *15. 
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21, 24-26. cranidium, holotype, SUI 99092, oblique, dorsal, left lateral, and anterior views, 7.5. 
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1, 2. 4, 5. Cranidium, SUI 99093, dorsal, ventral, anterior, and right lateral views, * 15. 


3, 6, 7. Cranidium, SUI 99094, dorsal, anterior, and right lateral views, x 10. 
8, 9, 12. Cranidium, SUI 99095, dorsal, anterior, and left lateral views, *20. 


10, 
11; 
, 16. Left librigena, SUI 99098, external and internal views, * 10. 

. Left librigena, SUI 99099, external view, * 12. 

. Left librigena, SUI 99100, external view, * 10. 

. 25, 29. Pygidium, SUI 99101, dorsal, right lateral, and posterior views, * 10. 
. 26, 30. Pygidium, SUI 99102, dorsal, right lateral, and posterior views, x 10. 


14, 17. Cranidium, SUI 99096, dorsal, anterior, and right lateral views, *15. 


15, 18. Cranidium, SUI 99097, dorsal, anterior, and left lateral views, 12. 


23, 27, 31. Pygidium, SUI 99103, dorsal, left lateral, and posterior views, * 10. 


, 28, 32. Pygidium, SUI 99104, dorsal, right lateral, and posterior views, X12. 
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1, 5, 11, 12, 22. Cranidium, holotype, SUI 99105, dorsal, anterior, oblique, right lateral, and ventral views, < 12 


, 3, 6, 9. Cranidium, SUI 99106, dorsal, ventral, anterior, and left lateral views, * 12. 


= 
4, 7, 10. Cranidium, SUI 99107, dorsal, anterior, and left lateral views, * 12. 

8, 14, 16. Cranidium, SUI 99108, dorsal, anterior, and left lateral views, * 10. 
13, 17, 18. Cranidium, SUI 99109, dorsal, left lateral and anterior views, = 10. 
15, 20, 21. Cranidium, SUI 99110, dorsal, anterior, and right lateral views, * 12. 
19. Left librigena, SUI 99111, external view, = 10. 

23, 25, 26. Left librigena, SUI 99112, external, ventrolateral, and internal views, 
24. Left librigena, SUI 99113, external view, 10. 

27. Right librigena, SUI 99114, external view, * 10. 

28-30. Cranidium, SUI 99115, dorsal, right lateral, and anterior views, < 10. 

31. Left librigena, SUI 99116, external view, 10. 

32. Right librigena, SUI 99117, external view, 10. 

33. Left librigena, SUI 99118, external view, 12. 

34-36. Cranidium, SUI 99119, dorsal, anterior, and left lateral views, * 12. 

37, 42, 43. Pygidium, SUI 99120, dorsal, left lateral, and posterior views, < 15. 
38, 39, 44. Pygidium, SUI 99121, left lateral, dorsal, and posterior views, x 10. 
40. Left librigena, SUI 99122, external view, * 10. 

41. Left librigena, SUI 99123, external view, *20. 
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1, 2, 6, 7, 10. Cranidium, SUI 99124, dorsal, ventral, left lateral, anterior, and oblique views, *7.5. 
3. Cranidium, SUI 99125, dorsal view, *7.5. 

4, 8, 12. Cranidium, SUI 99126, dorsal, anterior, and right lateral views, * 10. 
5. 9, 14. Cranidium, SUI 99127, dorsal, left lateral, and anterior views, 4. 

11, 13. Cranidium, SUI 99128, dorsal and right lateral views, * 10. 

15, 22. 25. Cranidium, SUI 99129, dorsal, left lateral, and anterior views, 7.5. 
16, 17, 23. Cranidium, SUI 99130, dorsal, anterior, and right lateral views, 10. 
18-20. Cranidium, SUI 99131, anterior, left lateral, and dorsal views, *7.5. 

21. Cranidium, SUI 99132, dorsal view, *7.5. 

24, 28. Cranidium, SUI 99133, left lateral and dorsal views, * 10. 

26, 27, 29. Cranidium, SUI 99134, right lateral, dorsal, and anterior views, 10. 
30, 31, 37. Cranidium, SUI 99135, left lateral, dorsal, and anterior views, *7.5. 
32, 33. Cranidium, SUI 99136, dorsal and right lateral views, *7.5. 

34-36. Cranidium, SUI 99137, right lateral, anterior, and dorsal views, * 10. 
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1, 7, 10. Left librigena, SUI 99138, external, internal, and ventrolateral views, *7.5. 

2. 4. Left librigena, SUI 99139, external and internal views, 7.5. 

3. Left librigena, SUI 99140, external view, * 10. 

5. Left librigena, SUI 99141, external view, * 10. 

6. Right librigena, SUI 99142, external view, *7.5. 

8. Left librigena, SUI 99143, external view, *7.5. 

9. Right librigena, SUI 99144, external view, *7.5. 

11. Right librigena, SUI 99145, external view, *7.5. 

12. Left librigena, SUI 99146, external view, < 10. 

13. Right librigena, SUI 99147, external view, < 10. 

14, 16. Right librigena, SUI 99148, external and ventrolateral views, 10. 

15. Left librigena, SUI 99149, external view, * 10. 

17, 18, 22. Pygidium, SUI 99150, dorsal, right lateral, and posterior views, <6. 

19, 21, 25. Pygidium, SUI 99151, posterior, dorsal, and left lateral views, <5. 

20, 23, 24, 28. Pygidium, SUI 99152, dorsal, posterior, left lateral, and ventral views, *7.5. 

26, 27, 32. Pygidium, SUI 99153, left lateral, dorsal, and posterior views, *7.5. 

29, 30, 35. Thoracic segment, SUI 99154, dorsal, anterior, and right lateral views, * 10. 

31, 33, 34. Pygidium, SUI 99155, right lateral, dorsal, and posterior views, * 10. 
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2. 6, 11. Cranidium, SUI 99156, dorsal, ventral, left lateral, and anterior views, 10. 
Cranidium, SUI 99157, dorsal view, 10. 


. 5, 10. Cranidium, SUI 99158, dorsal, left lateral, and anterior views, * 10. 

. Cranidium, SUI 99159, dorsal view, *15. 

. Cranidium, SUI 99160, dorsal view, * 10. 

. Cranidium, SUI 99161, dorsal view, «10. 

. Right librigena, SUI 99162, external view, 10. 

. 15. Left librigena, SUI 99163, external and internal views, < 10. 

. Left librigena, SUI 99164, external view, * 10. 

. 20, 23. Yoked librigenae, SUI 99165, dorsal, right lateral, and anterior views, * 10. 
, 21, 24. Yoked librigenae, SUI 99166, dorsal, left lateral, and anterior views, * 10. 
, 19. Right librigena, SUI 99167, external and internal views, «10. 

2. Right librigena, SUI 99168, external view, * 10. 

. Right librigena, SUI 99169, external view, * 10. 

, 32, 33. Cranidium, SUI 99170, dorsal, anterior, and left lateral views, < 12. 
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30, 36. Cranidium, SUI 99171, dorsal, ventral, and left lateral views, 10. 

31. Cranidium, SUI 99172, dorsal and left lateral views, * 15. 

Cranidium, SUI 99173, dorsal view, * 10. 

Left librigena, SUI 99174, external view, *17. 

38. Right librigena, SUI 99175, external and internal views, 10. 

Right librigena, SUI 99176, external view, 15. 
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1, 4, 7. Cranidium, SUI 99177, dorsal, anterior, and left lateral views, *7.5. 
2, 5, 8, 9. Cranidium, holotype, SUI 99178, dorsal, anterior, left lateral, and oblique views, *7.5. 
3, 6, 10. Cranidium, SUI 99179, dorsal, left lateral, and anterior views, *7.5. 


11, 17. Cranidium, SUI 99180, dorsal and right lateral views, «10. 

12, 13. Cranidium, SUI 99181, dorsal and right lateral views, *7.5. 

14, 16, 20, 21. Cranidium, SUI 99182, left lateral, dorsal, ventral, and anterior views, *7.5. 
15, 18, 19. Cranidium, SUI 99183, left lateral, dorsal, and anterior views, * 10. 

22, 28, 29. Cranidium, SUI 99184, dorsal, anterior, and right lateral views, * 10. 

23, 30. Cranidium, SUI 99185, dorsal and left lateral views, 7.5. 

24, 26, 31. Cranidium, SUI 99186, dorsal, anterior, and right lateral views, * 10. 

25, 27, 32. Cranidium, SUI 99187, dorsal, anterior, and left lateral views, 17. 
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1, 6, 7. Hypostome, SUI 99188, ventral, posterior, and left lateral views, <7.5. 


.8 
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Wh 


, 10, 14, 15. Hypostome, SUI 99191, ventral, posterior, dorsal, and left lateral views, 


. Hypostome, SUI 99189, ventral and left lateral views, * 10. 
. Hypostome, SUI 99190, ventral and posterior views, *5. 


4 

5, 11, 16. Hypostome, SUI 99192, ventral, posterior, and left lateral views, 7.5. 

12, 13, 18, 19. Cranidium and thoracic segments, SUI 99193, dorsal view of cranidium, dorsal view of thorax, right lateral, and anterior 
views, X15. 
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, 24. Left librigena, SUI 99194, external and internal views, *7.5. 
, 22. Hypostome, SUI 99195, ventral and left lateral views, *7.5. 
, 23. Hypostome, SUI 99196, ventral and left lateral views, * 10. 

, 26. Right librigena, SUI 99197, internal and external views, * 10. 
. Left librigena, SUI 99198, external view, * 10. 

. Right librigena, SUI 99199, external view, 10. 


Left librigena, SUI 99200, external view, * 10. 


32. Thoracic segment, SUI 99201, left lateral, dorsal, and anterior views, 


X7.5. 


BULLETINS OF AMERICAN PALEONTOLOGY, BULLETIN 365 


PLATI 


1] 


2 
>| 


LLETINS OF 


\ MERIC 


AN PALEONTOLOGY, BULLETIN 365 


PLATE 


] 2) 


LATE CAMBRIAN TRILOBITES OF NEVADA: ADRAIN AND WESTROP 47 


EXPLANATION OF PLATE 12 


Figure 


1-5. Thoracopygidium, SUI 99203, dorsal, ventral, oblique, posterior, and left lateral views, * 15. 

6, 9, 10. Pygidium, SUI 99204, dorsal, right lateral, and posterior views, = 10. 

7, 8, 13. Pygidium, SUI 99205, dorsal, posterior, and left lateral views, *7.5. 

11, 12, 15, 16. Pygidium, SUI 99206, dorsal, right lateral, posterior, and ventral views, *5 (note inverted cranidum of Bowmania lassieae 
n. sp. visible in fig. 16). 

14, 17, 18. Pygidium, SUI 99207, dorsal, right lateral, and posterior views, < 10. 

19, 23. Pygidium, SUI 99208, dorsal and posterior views, 10. 

20, 24, 25. Pygidium, SUI 99209, dorsal, posterior, and right lateral views, * 10. 

21, 26, 27. Pygidium, SUI 99210, dorsal, posterior, and right lateral views, * 12. 

22, 28, 29. Pygidium, SUI 99211, dorsal, posterior, and right lateral views, < 10. 
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Figure 
1-28. Corbinia implumis Winston and Nicholls, 1967 
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12, 14, 15. Cranidium, SUI 99212, dorsal, ventral, right lateral, anterior, and oblique views, *4. 
. 13. Cranidium, SUI 99213, dorsal, anterior, right lateral, and oblique views, X10. 

. Cranidium, SUI 99214, dorsal, anterior, and right lateral views, * 10. 

0. Cranidium, SUI 99215, dorsal, anterior, and left lateral views, x 10. 

Right librigena, SUI 99216, external and internal views, * 10. 

, 25. Pygidium, SUI 99217, right lateral, dorsal, and posterior views, <6. 

, 24, 26, 27. Pygidium, SUI 99218, dorsal, right lateral, oblique, posterior, and ventral views, 5. 
, 28. Pygidium, SUI 99219, dorsal, left lateral, and posterior views, <5. 
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, 14-16. Cranidium, SUI 99220, dorsal, left lateral, anterior, oblique, and ventral views, * 10. 


2, 6, 10. Cranidium, SUI 99221, dorsal, right lateral, and anterior views, * 10. 
3, 7, 8. Cranidium, SUI 99222, dorsal, anterior, and right lateral views, x 10. 
4, 9. Cranidium, SUI 99223, dorsal and anterior views, < 10. 

11-13. Cranidium, SUI 99224, anterior, left lateral, and dorsal views, * 12. 
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19. Yoked librigenae, SUI 99225, anterior, right lateral, and dorsal views, 12. 
Left librigena, SUI 99226, external view, *15. 

22. Left librigena, SUI 99227, external and internal views, «15. 

Left librigena, SUI 99228, external view, * 12. 

Left librigena, SUI 99229, external view, 10. 

Right librigena, SUI 99230, external view, 10. 


27, 30-32. Pygidium, SUI 99231, dorsal, ventral, posterior, right lateral, and anterodorsal views, 


Left librigena, SUI 99232, external view, X12. 
33. Pygidium, SUI 99233, dorsal and posterior views, 10. 
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1, 4, 7, 12, 13. Cranidium, holotype, SUI 99234, dorsal, anterior, ventral, right lateral, and oblique views, 


2, 5, 8. Cranidium, SUI 99235, dorsal, anterior, and right lateral views, *7.5. 

3, 6, 10. Cranidium, SUI 99236, dorsal, anterior, and left lateral views, 7.5. 

9, 11. Cranidium, SUI 99237, dorsal and right lateral views, «7.5. 

14, 19, 20. Cranidium, SUI 99238, dorsal, anterior, and left lateral views, 10. 
15. Cranidium, SUI 99239, dorsal view, *7.5. 

16, 17, 22. Cranidium, SUI 99240, dorsal, anterior, and right lateral views, 7.5. 
18. Cranidium, SUI 99241, dorsal view, *7.5. 

21, 26, 30. Cranidium, SUI 99242, dorsal, left lateral, and anterior views, 7.5. 
23, 27, 28. Cranidium, SUI 99243, left lateral, dorsal, and anterior views, 7.5. 
24, 25, 29. Cranidium, SUI 99244, dorsal, right lateral, and anterior views, 7.5. 
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Figure 
1-30. Bowmania lassieae new species 
1, 5, 9. Cranidium, SUI 99245, dorsal, anterior, and right lateral views, X10. 
2, 6, 10. Cranidium, SUI 99246, dorsal, anterior, and right lateral views, * 10. 
3, 7, 11. Cranidium, SUI 99247, dorsal, anterior, and left lateral views, < 10. 
, 8, 12. Cranidium, SUI 99248, dorsal, anterior, and left lateral views, < 10. 
13, 14, 19. Thoracic segment, SUI 99249, right lateral, dorsal, and anterior views, * 10. 
15-17. Cranidium, SUI 99250, left lateral, anterior, and dorsal views, * 15. 


TS 


18, 21, 22. Yoked librigenae, SUI 99251, dorsal, external of right librigena, and anterior views, 


20. Hypostome, SUI 99252, ventral view, <15. 

23. Left librigena, SUI 99253, external view, 7.5. 

24. Left librigena, SUI 99254, external view, < 10. 

25, 26, 30. Left librigena, SUI 99255, ventrolateral, external, and internal views, * 10. 
27-29. Pygidium, SUI 99256, dorsal, left lateral, and posterior views, * 10. 
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8. Pygidium, SUI 99257, dorsal, right lateral, and posterior views, * 10. 

2, 6, 9, 13. Pygidium, SUI 99258, dorsal, right lateral, posterior, and ventral views, < 10. 

3, 4, 7. Pygidium, SUI 99259, dorsal, left lateral, and posterior views, * 10. 
4. 15. Pygidium, SUI 99260, dorsal, right lateral, and posterior views, * 10. 
2. Pygidium, SUI 99261, left lateral and dorsal views, x 10. 

16, 23, 25. Pygidium, SUI 99262, dorsal, posterior, and left lateral views, < 10. 

18-20. Pygidium, SUI 99263, dorsal, left lateral, and posterior views, * 10. 

26, 28. Pygidium, SUI 99264, dorsal and posterior views, 10. 


17, 21, 22, 24, 27, 29, 30, 34, 36. Unidentified thoracic segments. 
17, 24, 29. Thoracic segment, SUI 99265, dorsal, left lateral, and anterior views, *7.5. 
21, 27, 34. Thoracic segment, SUI 99266, dorsal, left lateral, and anterior views, 7.5. 
22, 30, 36. Thoracic segment, SUI 99267, dorsal, left lateral, and anterior views, <7.5. 
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48, 49. Thoracic segment, SUI 99268, dorsal and anterior views, * 10. 


31, 38, 43. Unidentified pygidium, SUI 99269, dorsal, posterior, and left lateral views, *20. 
32, 33, 35, 37, 39, 40, 42, 44, 45. Unidentified hypostomes. 

32, 39, 44. Hypostome, SUI 99270, ventral, left lateral, and posterior views, * 10. 

33, 40, 45. Hypostome, SUI 99271, ventral, left lateral, and posterior views, 10. 

35, 37, 42. Hypostome, SUI 99272, left lateral, ventral, and posterior views, <7.5. 


41, 46, 50. Unidentified thoracic segments. 
41, 46, 50. Thoracic segment, SUI 99273, anterior, dorsal, and right lateral views, » 


nn 


47. Prosaukia? sp., left librigena, SUI 99274, external view, *7.5. 


51-53. Unidentified cranidium, SUI 99275, dorsal, right lateral, and anterior views, * 15. 
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, 5, 10, 12. Cranidium, holotype, SUI 99276, dorsal, ventral, left lateral, oblique, and anterior views, *7.5. 
, 8, 11. Cranidium, SUI 99277, dorsal, anterior, right lateral, and oblique views, 7.5. 

, 9. Cranidium, SUI 99278, dorsal, anterior, and left lateral views, < 10. 

15. Cranidium, SUI 99279, right lateral, anterior, and dorsal views, *7.5. 

17, 23. Cranidium, SUI 99280, dorsal, anterior, and right lateral views, 10. 

20. Cranidium, SUI 99281, dorsal and right lateral views, 10. 


, 22. Cranidium, SUI 99282, dorsal and left Jateral views, x10. 


Right librigena, SUI 99283, external view, < 10. 

27. Left librigena, SUI 99284, external and dorsal views, X10. 

28. Left librigena, SUI 99285, ventrolateral and external views, 10. 
30. Cranidium, SUI 99286, anterior and dorsal views, * 10. 
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1, 2. Right librigena, SUI 99287, external and internal views, < 10. 
3, 4, 7, 8. Pygidium, SUI 99288, dorsal, ventral, posterior, and right lateral views, * 10. 
5, 9, 10. Pygidium, SUI 99289, dorsal, left lateral, and posterior views, < 10. 
6, 11, 17. Pygidium, SUI 99290, dorsal, posterior, and left lateral views, * 12. 
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12, 14, 19, 20. Cranidium, holotype, SUI 99291, dorsal, left lateral, ventral, and anterior views, 15. 
13, 15, 16, 21. Cranidium, SUI 99292, anterior, dorsal, ventral, and right lateral views, 15. 

18, 22, 23. Cranidium, SUI 99293, left lateral, dorsal, and anterior views, * 15. 

24, 25, 30, 31. Pygidium, SUI 99294, dorsal, posterior, left lateral, and ventral views, * 15. 

26-28. Pygidium, SUI 99295, posterior, dorsal, and right lateral views, *15. 

29, 34, 35. Pygidium, SUI 99296, dorsal, posterior, and right lateral views, * 20. 

32, 33, 39. Pygidium, SUI 99297, posterior, right lateral, and dorsal views, * 15. 

36-38. Pygidium, SUI 99298, left lateral, dorsal, and posterior views, 15. 
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FossiL LEPICYTHARA IN TROPICAL AMERICA: JUNG 


THE GENUS LEPICYTHARA (GASTROPODA: TURRIDAE) FROM THE NEOGENE AND 
PLEISTOCENE OF TROPICAL AMERICA 


PETER JUNG 


Natural History Musuem Basel, Augustinergasse 2, CH-4001 Basel, Switzerland 


ABSTRACT 


The shallow to moderately deep water turrid genus Lepicythara is restricted to the Neogene and Pleistocene of tropical America 
including Florida. So far the genus consists of 22 species, twelve of which are specifically identified, five are identified by means 
of open nomenclature, and five are characterized by letters. Four species are described as new: L. higensis from the Pleistocene 
of Pacific Costa Rica, L. lJopenzana from the late Early to Middle Miocene Baitoa Formation of the northern Dominican Republic, 
L. paradisclusa trom the Early Pliocene Springvale Formation of the Central Range of Trinidad, and L. toroensis from the Early 
Pliocene Shark Hole Point Formation of the Valiente Peninsula, Province of Bocas del Toro, Panama. 

The geographic distribution of the species is irregular. Of the 13 areas of occurrence six are situated in Panama and Costa 
Rica. The amount of material assigned to individual species is also most irregular: only one species (L. polygona) is very well 
represented, two species (L. costaricensis and L. terminula) are well represented, but all the other species have to be called rare 
or extremely rare. The species diversity through time is fluctuating. After a period of low diversity during the late Early and 
Middle Miocene the diversity reached a maximum during Late Miocene times. In the Early Pliocene it was still fairly high, but 
during Middle and Late Pliocene times there was a steady decrease in diversity, the genus Lepicythara seemingly became extinct 
toward the end of the Pleistocene. 


RESUMEN 


El genero marino Lepicythara (Turridae) vivia en agues de poca hasta mediana profundidad y su distribution se limitaba al 
Neogeno y Pleistoceno de la America tropical, includido la Florida. Hasta ahora, el genero se compone de 22 especies, de las 
cuales 12 son identificadas especificaments, 5 se caraterizan por la monemclatura abierta, y las otras 5 por letras. Cuatro especies 
son nuevas. L. higensis del Pleistoceno de la parte pacifica de Costa Rica, L. lopenzana de la formacio Baitoa (ultima parte del 
periodo temprano del Mioceno, hasta lost principios del periodo medio de dicha epoca) de la Republica Dominicana del norte, 
L. paradisclusa de la formacio Springvale (Plioceno temprano) de la Central Range de Trinidad, y L. toroensis de la formacion 
Shark Hole Point (Plioceno temprano) do la peninsula Valiente, Provincia de Bocas del Toro, Panama. 

La distribucion geografica de las especies es irregular. De las 13 regiones, en las cuales se conoce Lepicythara, seis se 
encuentran en Panama y Costa Rica. Respecto a la frecuencia de los especimenes, solo una especie (L. polygona) es muy bien 
representada, dos especies (L. costaricensis y L. terminula) son bien representadas, y las otras especies son raras hasta muy raras. 
Principiando en el Mioceno tardio inferior, la diversidad de las especies Ilego a su maximo durante el Mioceno superior. En el 
Plioceno temprano, la diversidd todavia era relaiveamente considerable, per durante la epoca del Plioceno medio y tardio ocurrio 


una disminucion, u el genero Lepicythara evidentemente resulto extinto a finales del Pleistoceno. 


INTRODUCTION 


The turrid genus Lepicythara Olsson is by no means 
common where it occurs. A total of only 176 lots have 
been available for this study (Table 1). This material 
can be subdivided into three categories: 


1) borrowed from other institutions (60 lots) 

2) collections in the Naturhistorisches Museum Basel, 
Switzerland (NMB) (70 lots) 

3) collections of the Panama Paleontology Project 
(PPP) (46 lots) 


The NMB material contains 47 lots from the Domin- 
ican Republic, 12 from Trinidad, 5 from Costa Rica, 
3 from Ecuador, and 3 from Florida. The PPP material 
contains 24 lots from Panama, 19 from Costa Rica, 
and 3 from Ecuador. 

Not only is the material of Lepicythara rather 


scarce, but the species diversity is not great either. Out 
of the 22 species discussed in this report only three 
are represented by a reasonable amount of material; all 
the others are rare or extremely rare. Table | lists these 
species, and the number of the available lots and spec- 
imens is indicated for each. 

By far best represented is L. polygona; it is followed 
by L. costaricensis and L. terminula. After these three 
species the number of available specimens drops dras- 
tically. Twelve species are positively identified, five 
are identified by means of open nomenclature, and five 
are characterized by a letter. Four species are described 
as new. They are: L. higensis, L. lopezana, L. para- 
disclusa, and L. toroensis. For details of lithostratig- 
raphy, exact geographic location of occurrences, and 
precise stratigraphic position of localities reference is 
made to Coates (1999a—c). 
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Table 1.—Total number of lots and specimens of species of Lep- 
icythara discussed in this paper. 


Number Number of 
Species of lots specimens 
basilissa 5 11 
camaronensis 7 18 
costaricensis 35) 138 
cf. costaricensis | 1 
disclusa 8 29 
heptagona 10 16 
ct. heptagona ] 2 
aff. heptagona l 5 
higensis 5) 15 
lopezana 4 6 
cf. lopezana 2 5 
paradisclusa 5 26 
polygona 40 1184 
terminula 29 136 
toroensis 3 7 
turrita ts) 34 
aff. turrita 3 4 
sp. A 3} 3} 
sp. B ] 4 
sp. 3 3 
sp. D | 1 
sp. E | i 
Total 176 1649 
ACKNOWLEDGMENTS 


I would like to thank Antoine Heitz, preparator, and 
René Panchaud, collections manager, both of the Basel 
Natural History Museum, for their continued help dur- 
ing the preparation of this paper. Severino Dahint, pho- 
tographer at the museum, I would like to thank for his 
excellent work. Richard Guggenheim, who was in 
charge of the Scanning Electron Microscope Labora- 
tory of the University of Basel, gave permission to use 
his equipment. I would like to thank Dan Miller and 
Pascal Tschudin for their help in making the Scanning 
Electron Microscope photographs. In addition I am in- 
debted to Szuszi Thommen for her translation of the 


abstract into Spanish. Finally | owe much to a number 


of persons for the loan of relevant specimens: Roger 
Portell and Kathie Weedmann of the Florida Museum 
of Natural History, Division of Invertebrate Paleon- 
tology, Gainesville, Florida: Jann Thompson, Warren 
Blow, Tyjuana Nickens, and M.G. Harasewych of the 
National Museum of Natural history, Washington, 
D.C.; Elana Benamy and Gary Rosenberg of the Acad- 
emy of Natural Sciences, Philadelphia: and Wendy 
Taylor and Warren Allmon of the Paleontological Re- 
search Institution, Ithaca, New York. 


DISTRIBUTION THROUGH TIME AND SPACE 


The genus Lepicythara is known only from the 
Western Hemisphere. Its rather spotty occurrences in 


tropical America and Florida are shown in Text-figure 
1. Below follows a list of the species discussed in this 
paper arranged by countries: 
Southern Florida, U.S. A. 
L. basilissa 
L. terminula 
L. turrita 
Eastern Haiti 
L. cf. lopezana 
Northern Dominican Republic 
L. heptagona 
L. lopezana 
L. polygona 
Trinidad 
L. disclusa 
L. paradisclusa 
Northern Colombia 


L. cf. Heptagona 


Northwestern Ecuador 
L. camaronensis 


Lasps 


Panama 

L. costaricensis 
cf. costaricensis 
. toroensis 
aff. turrita 


sp. A 


SUSU Is 


2 sp. B 
Jé, So, (e 
Costa Rica 
L. costaricensis 
L. higensis 
JE, kyo) 1D) 


Southern Mexico 


L. aft. heptagona 


The greatest diversity (seven species) occurs in Pan- 
ama. On the other hand only one species each is re- 
corded from eastern Haiti, northern Colombia, and 
southern Mexico. Two species each are recorded from 
Trinidad and northwestern Ecuador, and three each 
from Florida, the northern Dominican Republic, and 
Costa Rica. Thus, the distribution and diversity are 
rather uneven. The species of Lepicythara are part of 
shallow to moderately deep water assemblages (Jack- 
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Text-figure 1—Map showing areas of occurrence of species of Lepicythara. 1, northern Florida; 2, southern Florida; 3, eastern Haiti; 4, 
northern Dominican Republic; 5, Trinidad; 6, northern Colombia; 7, Esmeraldas area, northwestern Ecuador; 8, Darien, eastern Panama; 9, 
Canal area, Panama; 10, Bocas del Toro Province, northwestern Panama: 11, Limon Basin, Caribbean Costa Rica; 12, Golfo Dulce, Pacific 
Costa Rica; 13, Puntarenas Province, Pacific Costa Rica; 14, Santa Rosa, Veracruz, Mexico. 


son et al., 1999, table 3, p. 204, appendix 1, pp. 212— 
213; for details see Appendix II). 

The stratigraphic ranges of the species are shown in 
Text-figure 2. The species diversity through time is 
visualized in Text-figure 3: after a hesitant beginning 
in Late Early and Middle Miocene times, the diversity 
increases rapidly to its maximum during Late Miocene 
times. During the Early Pliocene the diversity is still 
quite large, but after that there is a steady decrease 
until the genus disappears toward the end of the Pleis- 
tocene. 

Text-figure 3 resembles the analogous representa- 
tions for genera of the Strombina-group (Jung, 1989, 
fig. 28), and it is especially similar to the genus Sin- 
cola. There are, however, two basic differences: first 
the genus Lepicythara did not survive the Pleistocene, 
and second there is not a “bottleneck”” during Middle 
and Late Pliocene times in Lepicythara, whereas the 
genera of the Strombina-group all show it. In Lepicyt- 
hara there is a gradual decrease from the Middle Pli- 
ocene to the Pleistocene. 


i) 


The following list is a summary of the distribution 
of the 22 discussed species through time and space: 


L. basilissa: Shoal River Formation (Middle Mio- 
cene), northern Florida 

L. camaronensis: Onzole Formation (Early Plio- 
cene), northwestern Ecuador 

L. costaricensis: Rio Banano, Cayo Agua, and 
Shark Hole Point formations (all Pliocene), Carib- 
bean Costa Rica and Province of Bocas del Toro, 
Panama 

L. cf. costaricensis: Nancy Point Formation (Late 
Miocene), Province of Bocas del Toro, Panama 
L. disclusa: Melajo Clay Member of Springvale 
Formation (Early Pliocene), Trinidad 

L. heptagona: Cercado and Gurabo Formations 
(Late Miocene), Dominican Republic 

L. cf. heptagona: Late Miocene, northern Colom- 
bia 


. L. aff. heptagona: beds of Late Miocene age, Ve- 


racruz, Mexico 


5.1 


11.3 


14.4 


24.6 
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Text-figure 2 


L. higensis: Pleistocene, Pacific coast of Costa 
Rica 

L. lopezana: Baitoa Formation (late Early to early 
Middle Miocene), Dominican Republic. 

L. cf. lopezana: Thomonde Formation (late Early 
to early Middle Miocene), Haiti 

L. paradisclusa: Springvale Formation (Early Pli- 
ocene), Trinidad 

L. polygona: Cercado and Gurabo Formations (Late 
Miocene to Early Pliocene), Dominican Republic 
L. terminula: Pliocene 
Florida 


to Pleistocene, southern 


2.—Stratigraphic ranges 


of the species of Lepicythara. 


20. 


. L. toroensis: Shark Hole Point Formation (Early 
Pliocene), Province of Bocas del Toro, Panama 
L. turrita: Jackson Bluff Formation and Pinecrest 
beds (Pliocene), Florida 

L. aff. turrita: Nancy Point Formation (Late Mio- 
cene), Province of Bocas del Toro, Panama 

L. sp. A: Gatun Formation (Late Miocene), central 
Panama 

L. sp. B: Tuira Formation (Middle Miocene), Dar- 
ien, Panama 

L. sp. C: Nancy Point Formation (Late Miocene), 
Province of Bocas del Toro, Panama 
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Text-figure 3.—Species diversity of Lepicythara through time. 
The radiometric ages (in millions of years) on the left margin are 
taken from Bolli and Saunders (1985, p. 159, text-fig. 3). 


21. L. sp. D: Late Miocene (?), Punta Judas, Pacific 
coast of Costa Rica 

22. L. sp. E: Angostura Formation (Late Miocene), 
northwestern Ecuador 


ARE THERE NO LIVING SPECIES? 


Lepicythara ranges from late Early Miocene to 
Pleistocene. It seems strange that no living species has 


ever been recorded. In the Gibson-Smith collection of 
the NMB, there are two small, Recent specimens from 
two different localities, which are close to Lepicythara, 
but they cannot definitely be assigned to that genus. 
The larger specimen (restored height 6.2 mm, width 
2.8 mm, ratio 2.21: Text-fig. 4) is well preserved. Its 
protoconch is not quite complete but has 2.5 volutions. 
There are a litthe more than four teleoconch whorls. 
This specimen (NMB H 18118) has been collected at 
NMB locality 17666: Adicora, east coast of the Para- 
guana Peninsula, Venezuela. The smaller specimen (re- 
stored height 4.9 mm, width 2.1 mm, ratio 2.33; Text- 
fig. 5) is not well preserved, and the number of vo- 
lutions of its protoconch cannot be determined. There 
are 3.25 teleoconch whorls. The specimen (NMB H 
18119) has been collected at NMB locality 17671: Tu- 
cacas, Falcon, Venezuela. 

The two specimens probably do not represent the 
same species. The larger specimen has twelve axial 
ribs on its last whorl, the smaller only nine. On the 
other hand both show many characteristics including 
the spiral sculpture typical for Lepicythara. There is, 
however, one constant difference: the angulation of the 
profile of the teleoconch whorls continues to the last 
whorl, whereas in species of Lepicythara it is restricted 
to the early teleoconch whorls. 


SYSTEMATIC PALEONTOLOGY 
INTRODUCTION 


The organization and conventions of the systematic 
part are basically the same as those followed by Jung 
(1989, p. 35). In the following descriptions references 
to the size of a species is made by means of the words 
small, medium and large. These are defined as: 
“small”: height 10.5 mm or less; “*medium”’: height 
between 10.6 and 13.00 mm; “large”: height 13.1 mm 
or more. 


ABBREVIATIONS 

ANSP Academy of Natural Sciences, Philadelphia, 
PAS UWS] A 

CR Costa Rica 

DR Dominican Republic 

NMB Naturhistorisches Museum Basel, Switzer- 
land (the letter H after NMB stands for gas- 
tropods) 

PPP. Panama Paleontology Project 

PRI Paleontological Research Institution, Ithaca, 
INE UES AG 

UF Florida Museum of Natural History, Univer- 
sity of Florida, Gainesville, FL, U.S. A. 

USGS — United States Geological Survey 

USNM_ United States National Museum of Natural 
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Text-figure 4.—Lepicythara? sp. 1. NMB H 181118. Recent specimen from NMB locality 17666: Adicora, east coast of the Paraguana 
Peninsula, Falcon, Venezuela. Height 6.2 mm, width 2.8 mm. 1, front view: 2, enlargement of apical area; 3, rear view: 4, enlargement of 
apical area; 5, apical view; 6, enlargement of apical view. 
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Text-figure 5.—Lepicythara? sp 2. NMB H 18119. Recent specimen from NMB locality 17671: Tucacas, Falc6n, Venezuela. Height 4.9 
mm, width 2.1 mm. 1, front view; 2, rear view; 3, enlargement of apical area: 4, apical view. 


History, Smithsonian Institution, Washing- 
ton; DE) U.S: A: 


DIAGNOSTIC FEATURES 


The most important morphological characteristics of 
the species discussed in this paper are summarized in 
Table 2. They include the general habitus, the range 
of the restored heights, the number of volutions of the 
protoconch, the profiles of the early and late whorls, 
and the number of axial ribs on the body whorl on one 
hand and early whorls on the other hand. 

The species of Lepicythara can also be subdivided 
into groups of species based on the number of axial 
ribs per whorl. A first group with more or less the 
same number of axial ribs on early whorls and on the 
body whorl includes: L. basilissa, L. camaronensis, L. 


costaricensis, L. ct. heptagona, L. lopezana, L. cf. lo- 
pezana, L. paradisclusa, L. terminula, L. sp. A, L. sp. 
B, and L. sp. D. 

A second group of species having more axial ribs 
on the body whorl than on early whorls includes: L. 
cf. costaricensis, L. disclusa, L. heptagona, L. aff. hep- 
tagona, L. higensis, L. polygona, L. toroensis, L. sp. 
Cyandvixspye- 

A third group of species with more axial ribs on 
early whorls than on the body whorl includes only: L. 
turrita and L. aff. turrita. 


Family Turridae Adams and Adams, 1853 
Genus LEPICYTHARA Olsson, 1964 
Lepicythara Olsson 1964, p. 110. 


Type species (by original designation).—Cythara 
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Table 2.—Summary of the most important morphological characters discussed in the text. 


Range of Axial Axial 
(restored) ribs on — ribs on 
General height Volutions Profile Profile body early 
Species habitus (in mm) protoconch early whorls late whorls whorl whorls 
basilissa small slender 3.7-10.1 3.25 slightly convex slightly convex 7-8 7-9 
camaronensts medium-large 12.4-19.7 3.0 straight ? slightly convex 8-9 8-9 
biconic stout 
costaricensis medium-large moder- 9.5-16.1 2.5-2.75 straight angulated slightly convex 8-10 7-9 
ately slender 
cf. costaricensis small biconic 10.5 254 straight angulated slightly convex 10 ) 
disclusa large, biconic moder- 13.1-16.9 2.75-3.0 straight angulated slightly convex 9-10 8-9 
ately stout 
heptagona medium-large biconic, — 11.3—17.0 2.25 straight angulated slightly convex 8-9 7-8 
moderately slender 
cf. heptagona small-large moderately —10.4—13.6 2.75-3.0 straight angulated slightly convex 8-9 8 
slender 
aff. heptagona large moderately 13.7 3.25 straight angulated slightly convex g) 7 
slender 
higensis medium-large 12.2-16.7 215) straight angulated slightly convex 10-11 7-9 
slender 
lopezana medium-large moder- 11.5-14.0 P15) slightly convex convex 7-8 7-8 
ately slender 
cf. lopezana small-medium 7.1-11.0 2S slightly convex convex 8-9 8 
slender 
paradisclusa small-medium biconic 7.6-12.5 PTB) straight angulated straight 8-9 8-9 
stout 
polygona small-medium 6.4-12.1 2.25—2.75 straight to slightly convex 12-28 8-13 
slender convex 
terminula medium-large moder- 10.6—-19.4 2-5 straight angulated slightly convex 7-10 7-10 
ately slender 
toroensis large biconic 19.3-19.6 29 straight angulated slightly convex 12-13 8-9 
stout 
turrita small-large biconic, 8.9-14.9 2.75-—3.0 straight angulated convex 8-9 9-10 
moderately stout 
aff. turrita large, moderately 14.8-17.7 Dl straight angulated slightly convex 7 8-9 
slender 
sp. A medium slender 12.6—12.8 3:29) straight angulated slightly convex 8-9 7-8 
sp. B large slender 14.0 Sat straight slightly convex 6-7 7 
sp. C large, moderately Sys 25 straight angulated slightly convex 12 9 
slender 
sp. D large stout 14.1 2 straight ? straight to 8 ? 
slightly convex 
spl medium slender 12.5 2, straight slightly convex 9 7] 


terminula Dall (1890, p. 38, pl. 2.5). Pliocene and 
Pleistocene of southern Florida. 

Diagnosis.—Shells of small to large size (total 
range of height: 10.1—19.7 mm), general shape ranging 
from stout to slender, protoconch with 2.25 to 3.25 
volutions, about its first two volutions are smooth, the 
remainder sculptured by a varying number of opistho- 
cline to opisthocyrt axial riblets. Outer lip of proto- 
conch opisthocline to opisthocyrt. The number of te- 
leoconch whorls usually lies between 4.5 to 5.5, and 
in rare cases there are more than six whorls. Profile of 
early teleoconch whorls rarely slightly convex, usually 
straight and frequently with a carination or angulation 
near the abapical suture. Profile of late teleoconch 


whorls usually slightly convex, rarely convex, and 
even more rarely straight. Axial sculpture consists of 
a varying number per whorl of basically orthocline 
ribs, which may become somewhat sigmoid on the 
body whorl. Axial ribs usually narrow adapically and 
wider abapically. Spiral sculpture consists of narrow 
grooves or incised lines, which increase in number to- 
wards late whorls. Secondary spiral grooves are rare 
on early whorls, but more frequent on late whorls and 
the body whorl. All spiral grooves cross the sometimes 
fairly sharp ridges of the axial ribs. Suture not deep. 
Aperture narrow. Outer lip thickened. Sinus adjoining 
suture shallow to moderately deep. Inner surface of 
outer lip smooth, with or without a ridge parallel to 
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Text-figure 6.—Lepicythara basilissa (Gardner). USNM 351224. 
Holotype. USGS Station 3742. Shell Bluff, Shoal River, Walton 
County, Florida, Shoal River Formation. Height 9.8 mm, width 3.8 
mm. 1, front view: 2, rear view; 3, from right side. 


the sharp edge of the outer lip. Columellar callus thin 
to moderately prominent. Parietal callus usually incon- 
spicuous, rarely thickened near sinus. Anterior canal 
straight or slightly twisted to the left, usually narrow, 
and short to moderately long. 

Remarks.—As now known the genus Lepicythara 
consists of 22 species, ten of which are not named or 
are identified by means of open nomenclature only. Its 
occurrence 1s restricted to tropical America and Florida 


and its total stratigraphic range is late Early Miocene 
to Pleistocene. 


Lepicythara basilissa (Gardner, 1937) 
Text-figures 6—9 


“Cythara”™ basilissa Gardner, 1937, p. 344, pl. 42, f. 23-24. 


Description.—Of small size, slender. Protoconch 
consists of 3.25 volutions; surface of its first 2.5 vo- 
lutions smooth, the remainder sculptured by up to 15 
opisthocyrt axial riblets. Number of teleoconch whorls 
up to 4.5, their profile slightly convex on early whorls 
as well as on late whorls. Teleoconch whorls sculp- 
tured by opisthocline to slightly sigmoid axial ribs; 
their number per whorl is seven to eight on early 
whorls and seven to nine on late whorls. Interspaces 
of axial ribs slightly concave, smooth except for sig- 
moid growth lines or weakly sculptured by incised spi- 
ral lines on the abapical part of the whorl. The crests 
of the axial ribs on spire whorls are crossed by a grad- 
ually increasing number of incised spiral lines. On the 
body whorl these incised spiral lines are present on the 
whole surface including the interspaces of the axial 
ribs but excluding a narrow zone on the interspaces, 
which adjoins the suture. Suture not deep. Aperature 
narrow. Outer lip thickened. Sinus adjoining suture 
rather shallow. Inner surface of outer lip smooth, with- 
out a ridge parallel to the sharp edge of the outer kip. 
Columellar and parietal calluses not conspicuous. An- 
terior canal straight, moderately long. 


2 x80 


Text-figure 7.—Lepicythara basilissa (Gardner). USNM 509803. USGS Station 23979: Shoal River, Walton County, Florida, Shoal River 
Formation. Height 5.8 mm, width 2.2 mm. 1, rear view; 2, enlargement of apical area; 3, apical view. 
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Text-figure 8.—Lepicythara basilissa (Gardner). UF 102877. Shell Bluff, Shoal River, Walton County, Florida, Shoal River Formation. 
Height 6.0 mm, width 2.3 mm. 1, front view; 2, enlargement of apical area; 3, apical view; 4, enlargement of apical view. 


Holotype.—USNM 351224 (Text-fig. 6). 

Dimensions of holotype.—Height 9.8 mm, width 3.8 
mm. 

Type locality—USGS Station 3742: Shell Bluff, 
Shoal River, Walton County, Florida. Shoal River For- 
mation (Middle Miocene). 

Remarks.—L. basilissa is a rare species as only 11 
specimens from three different localities are available. 
Although the holotype—probably the only specimen 


Gardner (1937, p. 344) had at hand—has an incom- 
pletely preserved protoconch, Gardner stated that it 
must consist of more than three volutions. This state- 
ment now proves to be correct as shown by the single 
specimen with a complete protoconch consisting of 
3.25 volutions (Text-fig. 9.5). 

Comparisons.—L. basilissa is the smallest of the 
species described in this report and cannot be com- 
pared meaningfully with any of them. It is more slen- 
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Text-figure 9.—Lepicythara basilissa (Gardner). UF 102878. Shell Bluff, Shoal River, Walton County, Florida, Shoal River Formation. 
Height 3.7 mm, width 1.7 m. 1, rear view: 2 


; 2, enlargement of apical area; 3, enlargement of body whorl; 4, apical view; 5, enlargement of 
apical view. 
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Table 3.—Measurements (in mm) of Lepicythara basilissa (Gard- 
ner, 1937). 


Height/ 

Restored width 

Specimen height Width ratio 

USNM 351224 (holotype) 10.1 3.8 2.66 
USGS locality 23979 5.8 Dr, 2.64 
UF 66069 9.4 3.6 2.61 
UF 88143 6.2 2.6 2.38 
5.6 22 D9 
UF 89592 6.0 2S 2.61 
Shy/ 1.7 2.18 


der, /.e., it has a smaller apical angle than other species. 
The only species with which Gardner (1937, p. 344) 
compared her L. basilissa is the living Mangilia 
(Cythara) cymella Dall (1886:101, pl. 12, f. 4). The 
present writer received the following material of M. 
cymella on loan from the USNM: two syntypes from 
Barbados (USNM 87419), one specimen from near 
Miami, Florida (USNM 410336), three specimens 
from off Ajax Reef, Florida (USNM 410348), and two 
specimens from the Campeche Bank off Yucatan, 
Mexico (USNM 667918). This material clearly shows 
that Mangilia cymella is not a species of Lepicythara 
but belongs to some other, possibly undescribed turrid 
genus. 

A few specimens of the available material of M. 
cymella show faint traces of spiral sculpture on late 
whorls, but all of the other specimens have no spiral 
sculpture. In this respect the original figure is mislead- 
ing. 

Another problem of the material of M. cymella con- 
cerns dimensions. In the original description Dall 
(1889, p. 102) indicated a maximum height of the shell 
of 12.5 mm. In the explanation of figure 4 on his Plate 
12, Dall gave a height of 13.0 mm. None of the eight 
specimens cited above exceeds a height of 9 mm. It is 
therefore evident that a measuring error has occurred. 

Material.—Five lots with a total of eleven speci- 
mens as listed below: 


1 spec., USNM 351224: holotype. USGS Station 
3642: Shell Bluff, Shoal River, Walton County, 
Florida. Shoal River Formation (Middle Mio- 
cene). 

1 spec., USGS locality 23979: Shoal River, Walton 
County, Florida (no additional details). Shoal 
River Formation (Middle Miocene). 

1 spec., UF 66069: Shoal River Grotto (WLO04), 
Walton County, Florida. Shoal River Formation 
(Middle Miocene). 

2 spec., UF 88143: Shoal River Grotto (WLO04), 
Walton County, Florida. Shoal River Formation 
(Middle Miocene). 


1 3 


Text-figure 10.—Lepicythara camaronensis Olsson. USNM 
644221. Holotype. USGS Station 23480: Quebrada Camarones, Es- 


meraldas Province, Ecuador. Onzoloe Formation. Height 16.5 mm, 


width 7.7 mm. 1, front view; 2, rear view; 3, from right side. 


6 spec., UF 89592: Shell Bluff (type locality) 
(WLO002), Walton County, Florida. Shoal River 
Formation (Middle Miocene). 


Measurements.—(see Table 3). 

Occurrence.—This species is recorded from the fol- 
lowing areas within Walton County, Florida (all Shoal 
River Formation): Shell Bluff, Shoal River: USGS 
3742, UF 89592: Shoal River USGS 23979: Shoal 
River Grotto: UF 66069, UF 88143. 

Distribution.—Not known outside Walton County, 
Florida. 


Lepicythara camaronensis Olsson, 1964 
Text-figures 10-13 


Lepicythara camaronensis Olsson, 1964, p. 110, pl. 20, fig. 3, 3a. 


Description.—Oft medium to large size, biconic, 
rather stout. Protoconch consists of about three volu- 
tions. Apex hardly pointed. Number of teleoconch 
whorls up to five, their profile straight to slightly con- 
vex. Teleoconch whorls sculptured by eight to nine 
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Text-figure 11.—Lepicythara camaronensis Olsson. NMB H 
18113. NMB locality 128222: km 493.050 of Trans Ecuadorian 
Pipeline System (TEPS), Esmeraldas Province, Ecuador, Onzole 
Formation. Height 14.0 mm, width 7.3 mm. 1, front view; 2, rear 
view; 3, from right side. 


orthocline to slightly opisthocline axial ribs per whorl. 
Axial ribs more or less alined on successive whorls. 
Interspaces of axial ribs slightly concave, sculptured 
by three to seven flat topped spiral riblets on spire 
whorls, which usually are subdivided centrally by an 
incised line. The spiral sculpture is crossing the axial 
ribs not only on the body whorl but also on the spire 
whorls. Suture not deep. Aperture moderately narrow. 
Outer lip thickened. Sinus adjoining suture moderately 
deep. Inner surface of outer lip smooth, but with a 
ridge parallel to the sharp edge of the outer lip ex- 
tending from the sinus to the beginning of the anterior 
canal. Columellar and parietal calluses moderately 
prominent. Anterior canal almost straight and short. 
Holotype.—USNM 644221 (Text-fig. 10). 
Height 16.5 mm, width 


Dimensions of holotype. 
7.7 mm. 

Type locality.—UGSG locality 23480 Quebrada Ca- 
marones, Esmeraldas Province, Ecuador. Onzole For- 
mation (Early Pliocene) (Whittaker, 1988, fig. 2 and 
ja 1D). 

Remarks.—The protoconch of the holotype is not 
preserved, and the first 2.5 teleoconch whorls are pre- 
served as an internal mold. The figured paratype 


settlement 
of Camarones 


/ 
/ NMB 12826 = 19137 ( = PPP 3487 ) 
¢ NMB 12825 = 19136 ( = PPP 3485 ) 


approx. 500 m 


Text-figure 12.—Sketch map of the lower course of the Rio Ca- 
marones, about 10 km east of the town of Esmeraldas, Ecuador, 
showing NMB localities that have yielded L. camaronensis. 


(USNM 645311) has a strongly worn protoconch that 
consists of about three volutions. The specimen is in- 
complete and has about four teleoconch whorls. Ols- 
son’s figure (1964, pl. 20, fig. 3a) is a misleading re- 
construction. All the other specimens at hand are not 
well preserved and partly fragmentary. Sculptural de- 
tails can hardly be recognized. The early teleoconch 
whorls are not preserved well enough to determine 
whether they are somewhat angulated near the periph- 
ery. 

Comparisons.—L. camaronensis may be compared 
with L. disclusa from the Early Pliocene Melajo Clay 
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Text-figure 13.—Sketch map of the Esmeraldas area showing 
NMB locality 12822, that has yielded L. camaronensis. 


Member of the Springvale Formation of Trinidad. L. 
camaronensis is somewhat stouter, its axial ribs are 
less prominent, and their number per whorl is higher 
in L. disclusa. 

Material.—Seven lots with a total of 18 specimens 
as listed below (see Text-figs. 12, 13): 


I spec., USNM 64421: holotype. USGS locality 
23480: Quebrada Camerones, Esmeraldas Prov- 
ince, Ecuador. Onzole Formation (Early Plio- 
cene). 

I spec., USNM 645311: figured paratype. USGS lo- 
cality 23480: as above. 

2 spec., NMB locality 12822: km 493.050 of Trans 
Ecuadorian Pipeline System (TEPS), Esmeraldas 
Province, Ecuador. Onzole Formation; Globoro- 
talia margaritae Zone (Early Pliocene). 

| spec., NMB locality 12825: Quebrada Camarones, 
about 10 km east of Esmeraldas, Ecuador. Onzole 
Formation; Globorotalia margaritae Zone (Early 
Pliocene). 

2 spec., NMB locality 12826: Quebrada Camarones, 
as above. 

4 spec., NMB locality 19136: Quebrada Camarones, 
as above. 

5 spec., NMB locality 19137: Quebrada Camarones, 
as above. 


Measurements.—(see Table 4.) 
Occurrence.—This species is recorded from the fol- 


Table 4.—Measurements (in mm) of Lepicythara camaronensis 
Olsson, 1964. 


Height/ 

Restored width 

Specimen height Width ratio 

USNM 644221 (holotype) 16.9 TT 2.19 
14.6 7.3 2.00 

14.5 6.1 2.38 
NMB locality 12826 19.7 = — 
12.4 5.4 2.23 

NMB locality 19136 16.9 6.7 BSD 
16.1 6.9 2:38 

NMB locality 19137 14.8 6.6 2.24 


lowing NMB localities: 12822, 12825, 12826, 19136, 
19137 (all Early Pliocene Onzole Formation, north- 
western Ecuador). 

Distribution.—So far this species is not known from 
outside northwestern Ecuador. 


Lepicythara costaricensis (Olsson, 1922) 
Text-figures 14-2] 
Cythara terminula costaricensis Olsson, 1922, p. 77, pl. 5, figs. 21, 
oy) 
Non Cythara terminula costaricensis Olsson. Woodring, 1970, p. 
390. 


Description.—Oft medium to large size, biconic, 
moderately slender. Protoconch consists of 2.5 to 2.75 
volutions. Surface of the first 1.5 volutions smooth, 
remainder of the protoconch sculptured by up to 22 
opisthocyrt axial riblets. Apex not pointed or only 
slightly pointed. Number of teleoconch whorls up to 


all x5 


Text-figure 14.—Lepicythara costaricensis (Olsson). PRI 20951. 


Lectotype. Hill la, Banana River, Limon Basin, Costa Rica. Rio 


Banano Formation. Height 12.3 mm, width 5.5 mm. 1, front view; 


2, rear view; 3, from right side. 
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Text-figure 15.—Lepicythara costaricensis (Olsson). PRI 42106. 
Paralectotype. Hill la. Banana River, Limon Basin, Costa Rica. Rio 
Banano Formation. Height 13.0 mm, width 5.7 mm. 1, front view: 
2, rear view; 3, from right side. 


5.25, their profile straight on early spire whorls, slight- 
ly convex on later spire whorls. The first two teleo- 
conch whorls are angulated near the adapical suture 
and thus overhanging it. Teleoconch whorls sculptured 
by orthocline to slightly opisthocline axial ribs. Their 
number per whorl is seven to nine on early whorls and 
eight to ten on the body whorl. The axial ribs are there- 
fore alined or not quite alined on successive whorls. 
They usually are narrow adapically and somewhat 
wider abapically. Interspaces of axial ribs concave, 
sculptured by four to six incised, spiral lines on spire 
whorls. On later spire whorls some secondary incised, 
spiral lines are introduced. All spiral lines cross the 
axial ribs. Suture not deep. Aperature moderately nar- 
row. Outer lip thickened. Sinus adjoining suture mod- 
erately deep. Inner surface of outer lip smooth, with 
or without a ridge parallel to the sharp edge of the 
other lip. If present, this ridge extends from the sinus 
to the beginning of the anterior canal. Columellar and 
parietal calluses thin. Anterior canal straight or slightly 
twisted to the left, narrow, and moderately long. 
Lectotype.—(selected herein) PRI 20951 (Text-fig. 


14). 
Dimensions of lectotype.—Height 12.3 mm, width 
5.5 mm. 


Type locality.—*Hill la, Banana River; Gatun 
Stage”. This indication probably refers to outcrops in 
the vicinity of La Bomba on Rio Banano, Limon Prov- 
ince, Costa Rica (see Jung, 1989, figs. 15-18). Rio 
Banano Formation (Pliocene). 

Remarks.—Brann and Kent (1960, p. 309) consid- 


Text-figure 16.—Lepicythara costaricensis (Olsson). NMB H 
18148. NMB locality 18721 (=PPP 2224): northeast coast of Cayo 
Agua, Bocas del Toro, Panama. Cao Agua Formation. Height 14.4 
mm, width 6.9 mm. |, front view; 2, rear view; 3, from right side. 


ered specimen PRI 20951 as the holotype of L. cos- 
taricensis citing both figures given by Olsson (Olsson, 
1922, pl. 5, figs. 21-22). These two figures, however, 
represent two different specimens, which were united 
under PRI 20951. A lectotype selection becomes nec- 
essary, the lectotype being PRI 29051 (Text-fig. 14), 
and the paralectotype is renumbered PRI 42106 (Text- 
fig. 15). Olsson unfortunately gave the same height (13 
mm) for both specimens, but they actually differ in 
height (see legend of the respective figures). As stated 
in the above description there are seven to nine axial 
ribs per whorl on early whorls and eight to ten on the 
body whorl. There is a remarkable exception: two 
specimens from Cayo Agua (NMB locality 18405) 
have more axial ribs per whorl: 9-10 on early whorls 
and 11 to 15 on the body whorl. Specimens of L. cos- 
taricensis from outside the Limon Basin of Costa Rica, 
i.e., from the Province of Bocas del Toro, Panama, 
seem to have a somewhat larger apical angle, and the 
axial ribs seem to be more regularly aligned on suc- 
cessive whorls (Text-fig. 16). There is, however, here 
is a variability in those two features as can be seen in 
the list of height/width ratio values. 
Comparisons.—L. costaricensis 1s similar to L. hep- 
tagona (Gabb). There is one constant difference, the 
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Text-figure 17.—Lepicythara costaricensis (Olsson). NMB H 18140. NMB locality 17775 (=PPP 452): La Bomba, Rio Banano, Limon 
Province, Costa Rica. Rio Banano Formation. Height 7.7 mm, width 3.6 mm. 1, rear view; 2, enlargement of apical area; 3, apical view; 4, 
enlargement of apical view. 


protoconch of L. heptagona consists of 2.25 volutions, I spec., PRI 20951: lectotype figured by Olsson 
whereas that of L. costaricensis has 2.5 to 2.75. In (1922, pl. 5, p. 21); Hill la, Rio Banano, Limon 
addition, the number of axial ribs tends to be higher Province, CR; Rio Banano Formation (Pliocene). 
in L. costaricensis. I spec., PRI 42106: paralectotype figured by Ols- 

Material.—36 lots with a total of 139 specimens son (1922, pl. 5, p. 22); Hill la, Rio Banano, 
as listed below (for exact locations see Coates, Limon Province, CR; Rio Banano Formation 


1999b-c). (Pliocene). 
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4 x80 
Text-figure 18.—Lepicythara costaricensis (Olsson). NMB H 18141. NMB locality 17775 (=PPP 452): La Bomba, Rio Banano, Limon 
Province, Costa Rica. Rio Banano Formation. Height 12.0 mm, width 5.8 mm. 1, front view; 2, enlargement of apical view: 3, apical view: 


4, enlargement of apical view. 


10 spec., NMB locality 17445 (=PPP1726): La overlying NMB locality 17445. Type section of 
Bomba, Rio Banano, Limon Province, CR. Left Rio Banano Formation (Pliocene). 
Bank, 700 m southwest of railroad bridge. Type 4 spec., NMB locality 17447 (=PPP 1728): directly 
section of Rio Banano Formation (Pliocene). overlying NMB locality 17446. Type section of 


9 spec., NMB locality 17446 (=PPP 1727): directly Rio Banano Formation (Pliocene). 


in) 
i) 


1 x10 2 x60 


Text-figure 19. 


BULLETIN 


Lepicythara costaricensis (Olsson). NMB H 18142. NMB locality 177772 (=PPP 449): Quitaria, Rio Banano, Limon 


Province, Costa Rica, Rio Banano Formation. Height 12.5 mm, width 5.6 mm. 1, oblique front view: 2, enlargement of apical view; 3, apical 


view. 


13 spec., NMB locality 17451 (=PPP 1732): La 
Bomba, Rio Banano, Limon Province, CR. Right 
bank, about 500 m southwest of railroad bridge. 
Rio Banano Formation (Pliocene). 

13. spec., NMB locality 17775 (=PPP 452): La 
Bomba, Rio Banano, Limon Province, CR. Right 
bank, 600 m southwest of railroad bridge. Rio 
Banano Formation (Pliocene). 

6 spec., NMB locality 17783 (=PPP 460): La Bom- 
ba, Rio Banano, Limon Province, CR. Left bank, 
700 m southwest of railroad bridge. Type section 
of Rio Banano Formation (Pliocene). 

1 spec., NMB locality 18091 (=PPP 1983): La 
Bomba, Rio Banano, Limon Province, CR. Right 
bank, about 500 m southwest of railroad bridge. 
Rio Banano Formation (Pliocene). 

14 spec., NMB locality 18095 (=PPP1984): La 
Bomba, Rio Banano, Limon Province, CR. Right 


i) 


to 


bank, about 500 m southwest of railroad bridge. 
Rio Banano Formation (Pliocene). 

spec., NMB locality 18099 (=PPP 686): La Bom- 
ba, Rio Banano, Limon Province, CR. Left bank, 
700 m southwest of railroad bridge. Type section 
of Rio Banano Formation (Pliocene). 

spec., NMB locality 18100 (=PPP 1986): La 
Bomba, Rio Banano, Limon Province, CR. Left 
bank, 700 m southwest of railroad bridge. Type 
section of Rio Banano Formation (Pliocene). 


4 spec., NMB locality 18101 (=PPP 691): La Bom- 


ba, Rio Banano, Limon Province, CR. Left bank, 
700 m southwest of railroad bridge. Type section 
of Rio Banano Formation (Pliocene). 

spec., NMB locality 17454 (=PPP 1734): Quita- 
ria, Rio Banano, Limon Province, CR. Rio Ba- 
nano Formation (Pliocene). 

spec., NMB locality 17772 (=PPP 449): Quitaria, 
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5 x50 6 x100 
Text-figure 20.—Lepicythara costaricensis (Olsson). NMB H 18149. NMB locality 18733 a(=PPP 2236): 1 km southeast of Punta de 
Tiburon, Cayo Agua, Bocas del Toro, Panama. Cayo Agua Formation. Height 11.1 mm, width 5.0 mm. 1, rear view: 2, enlargement of apical 


area; 3, further enlargement of apical area; 4, apical view; 5, enlargement of apical view; 6, further enlargement of apical view. 
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Text-figure 2].—(Restored) height/width diagram of L. costari- 


censis. 


| 


es) 


—_ 


Rio Banano, Limon Province, CR. Rio Banano 
Formation (Pliocene). 

spec., NMB locality 17773 (=PPP 450): Quitaria, 
Rio Banano, Limon Province, CR. Rio Banano 
Formation (Pliocene). 

| spec., NMB locality 18096 (=PPP 679): Quita- 
ria, Rio Banano, Limon Province, CR. Rio Ba- 
nano Formation (Pliocene). 

spec., NMB locality 18097 (=PPP 1985): Quita- 
ria, Rio Banano, Limon Province, CR. Rio Ba- 
nano Formation (Pliocene). 

spec., NMB locality 18270 (=PPP 1990): Rio Ba- 
nanito, road cut near Finca Banaga, Limon Prov- 
ince, CR. Rio Banano Formation (Pliocene). 
spec., NMB locality 18266 (=PPP 932): Rio Viz- 


ie) 


tO 


tO 


= 


bo 


caya, 3.5 km south-southwest of Quitaria, Limon 
Province, CR. Rio Banano Formation (Pliocene). 
spec., NMB locality 18267 (=PPP 933): Rio Viz- 
caya, about 3.5 km south-southeast of Quitaria, 
Limon Province, CR. Rio Banano Formation (Pli- 
ocene). 

spec., NMB locality 18268 (=PPP 935): Rio Viz- 
caya, 3.5 km south-southeast of Quitaria, Limon 
Province, CR. Rio Banano Formation (Pliocene). 
spec., NMB locality 17635 (=PPP 201): northeast 
coast of Cayo Agua, Bocas del Toro, Panama. 
Cayo Agua Formation (Pliocene). 

spec., NMB locality 17808 (=PPP 475): northeast 
coast of Cayo Agua, Bocas del Toro, Panama. 
Cayo Agua Formation (Pliocene). 

spec., NMB locality 17811 (=PPP 296): west of 
Punta de Tiburon, Cayo Agua, Bocas del Toro, 
Panama. Cayo Agua Formation (Pliocene). 
spec., NMB locality 17822 (=PPP 326): west of 
Punta de Nispero, Cayo Agua, Bocas del Toro, 
Panama. Cayo Agua Formation (Pliocene). 
spec., NMB locality 18374 (=PPP 1203): north- 
east coast of Cayo Agua, Bocas del Toro, Pana- 
ma. Cayo Agua Formation (Pliocene). 

spec., NMB locality 18405 (=PPP 67): south of 
Punta de Nispero, Cayo Agua, Bocas del Toro, 
Panama. Cayo Agua Formation (Pliocene). 
spec., NMB locality 18719 (=PPP 2222): north- 
east coast of Cayo Agua, Bocas del Toro, Pana- 
ma. Cayo Agua Formation (Pliocene). 

spec., NMB locality 18720 (=PPP 2223): 22 m 
south-southeast of Punta Norte, Cayo Agua. Bo- 
cas del Toro, Panama. Cayo Agua Formation (Pli- 
ocene). 

spec., NMB locality 18721 (=PPP 2224): north- 
east coast of Cayo Agua, Bocas del Toro, Pana- 
ma. Cayo Agua Formation (Pliocene). 

spec., NMB locality 18722 (=PPP 2225): north- 
east coast of Cayo Agua, Bocas del Toro, Pana- 
ma. Cayo Agua Formation (Pliocene). 

spec., NMB locality 18733 (=PPP 2236): 1 km 
southeast of Punta de Tiburon, Cayo Agua, Bocas 
del Toro, Panama. Cayo Agua Formation (Plio- 
cene). 

spec., NMB locality 17864 (=PPP 426): northeast 
coast of Isla Popa, Bocas del Toro, Panama. Cayo 
Agua Formation (Pliocene). 

spec., NMB locality 18602 (=PPP 423): northeast 
coast of Isla Popa, Bocas del Toro, Panama. Cayo 
Agua Formation (Pliocene). 

spec., NMB locality 18716 (=PPP 2217): Playa 
Lorenzo, 5 k southeast of Cayo Patterson, south 
coast of Valiente Peninsula. Bocas del Toro, Pan- 
ama. Shark Hole Point Formation (Pliocene). 
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Table 5——Measurements (in mm) of Lepicythara costaricensis 
(Olsson, 1922). 


Height/ 


Restored width 

Specimen height Width ratio 

PRI 20951: lectotype 12.4 S55) 225) 
PRI 42106: paralectotype 13.0 Sy/ 2.28 
NMB locality 17445 14.4 6.5 Dgyp) 
14.2 6.3 225 

13.9 6.3 2.21 

10.8 o22 2.08 

NMB locality 17447 11.8 Sy) 2.27 
NMB locality 17451 9.9 5.0 1.98 
11.2 2.3 Zrii 

13.4 -= — 

9.5 4.8 1.98 

NMB locality 17775 12.0 5.8 2.07 
eA 5.8 2.19 

NMB locality 17783 14.5 6.6 2.20 
14.6 6.2 23'S) 

11.6 She) 2.19 

NMB locality 18095 12.0 Se PN 
14.4 6.9 2.09 

iil? Seif, 1.96 

NMB locality 18099 12.3 6.2 1.98 
NMB locality 18101 11.3 Sel 2.22 
12.1 5.6 2.16 

12.2 Ss) 2.22 

1S? — — 

NMB locality 17454 14.7 6.8 2.16 
NMB locality 17772 12.5 5.6 DDS, 
13.6 ay) 2.30 

NMB locality 17808 15.9 7.6 2.09 
NMB locality 17811 11.4 5.4 praia 
i1t3} 5.0 2.26 

NMB locality 17822 10.9 5.6 1295 
9.9 5.0 1.98 

11.5 6.0 1.92 

NMB locality 18374 10.9 — -- 
14.9 7.4 2.01 

NMB locality 18405 12.1 6.0 2.02 
16.1 7.8 2.06 

NMB locality 18719 1229, 5.9 2.19. 
NMB locality 18720 13.0 6.6 1.97 
NMB locality 18721 14.3 7.0 2.04 
14.9 2s 2.07 

12.5 6.7 1.87 

13.9 6.8 2.04 

NMB locality 18722 12.8 6.2 2.06 
122 5.8 2.10 

14.0 6.7 2.09 

NMB locality 18733 ae S\-5) 2.04 
NMB locality 17864 11.0 5) 2.00 
122 5.6 2.18 

NMB locality 18602 IORI Dall PP) 
NMB locality 18716 12.2 6.5 1.88 


Measurements.—(See Table 5, Text-fig. 21.) 
Occurrence.—This species is recorded from the fol- 
lowing areas: 


Rio Banano, Rio Bananito, Rio Vizcaya, and Limon 


Province, Costa Rica. Rio Banano Formation 
(Pliocene): NMB localities: 17445-71447, 17451, 
IWASA Wide. ie ios Iis835 809M: 
18095-18097, 18099-18101, 18266-18268, 
18270. 

Cayo Agua, Bocas del Toro, Panama. Cayo Agua 
Formation (Pliocene): NMB localities: 17635, 
17808, 17811, 17822, 18374, 18405, 18719— 
18733. 

Isla Popas, Bocas del Toro, Panama. Cayo Agua 
Formation (Pliocene): NMB localities 17864, 
18602. 

South coast of Valiente Peninsula, Bocas del Toro, 
Panama. Shark Hole Point Formation (Pliocene): 
NMB locality 18716. 


Distribution.—Rio Banano Formation (Pliocene), 
Limon Province, Costa Rica. Cayo Agua Formation 
(Pliocene), Cayo Agua and Isla Popa, Bocas del Toro, 
Panama. Shark Hole Point Formation (Pliocene), Va- 
liente Peninsula, Bocas del Toro, Panama. 


Lepicythara cf. costaricensis (Olsson, 1922) 
Text-figure 22 


Remarks.—A single, not quite complete specimen 
from the Late Miocene Nancy Point Formation of 
NMB locality 18705 (=PPP 2206) is available. This 
locality is situated in the westernmost part of the south 
coast of the Valiente Peninsula, Province of Bocas del 
Toro, Panama (see Coates, 1999b, map 5, inset C, p. 
ZIIEM999 cy sections; yp» 322): 

The specimen is small (restored height 10.5 mm, 
width 4.8 mm, ratio 2.19) and does not have a per- 
fectly preserved protoconch, but is seen to consist of 
a little more than 2.5 volutions. The last part of the 
protoconch is sculptured by nine opisthocline to opis- 
thocyrt axial riblets. The number of preserved teleo- 
conch whorls is 4.5. The profile of the early teleoconch 
whorls is straight, that of the late teleoconch whorls 
slightly convex. The first two teleoconch whorls ar an- 
gulated near the adapical suture. The number of axial 
ribs per whorl is nine on early whorls and ten on the 
body whorl. The spiral sculpture is the same as that 
of L. costaricensis. The specimen of L. cf. costaricen- 
sis is smaller than L. costaricensis and seems to have 
more axial ribs per whorl. 


Lepicythara disclusa Jung, 1969 
Text-figures 23-25 
Lepicythara disclusa Jung, 1969, p. 551, pl. 59, figs. 7-10 (in part). 
Description.—Of large size, biconic, moderately 
stout. Protoconch consists of 2.75 to three volutions. 


A little less than the first two volutions are smooth, 
the remainder of the protoconch sculptured by 17 to 
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Text-figure 22.—Lepicythara cf. costaricensis (Olsson). NMB H 181150. NMB locality 18705 (=PPP 2206): westernmost of the south coast 
of the Valiente Peninsula, Province of Bocas del Toro, Panama. Nancy Point Formation. Height 10.4 mm, width 4.7 mm. 1, view from right 
side; 2, enlargement of apical area; 3, further enlargement of apicalarea; 4, apical view; 5, enlargement of apical view; 6, further enlargement 


of apical view. 
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Text-figure 23.—Lepicythara disclusa Jung. NMB H 15291 Ho- 
lotype NMB locality 18574: Melajo River, soiuth slope of the east- 
ern part of the Northern Range, Trinidad. Melajo aClay Member of 
Springvale Formation. Height 16.0 mm, width 7.1 mm. 1, front 


view; 2, rear view; 3, from right side. 


22 opisthocline to strongly opisthocyrt axial riblets. 
Apex a little pointed. Number of teleoconch whorls up 
to five, their profile straight on early teleoconch whorls 
and slightly convex on late whorls. The axial ribs of 
the first two teleoconch whorls are somewhat pointed 
at the periphery thus projecting a little over the ab- 
apical suture. Teleoconch whorls sculptured by eight 
to ten orthocline to slightly opisthocline axial ribs per 
whorl. The axial ribs may be alined on successive 
whorls and those on the body whorl may be somewhat 
sigmoid. Interspaces of axial ribs concave, sculptured 
by four incised, spiral lines on the first teleoconch 
whorl. Their number increases to twelve on the pen- 
ultimate whorl. There are few secondary incised, spiral 
lines. All spiral lines cross the axial ribs. Suture shal- 
low. Aperature narrow. Outer lip thickened. Sinus ad- 
joining suture moderately shallow. Inner surface of 
outer lip smooth, in rare cases with an inconspicuous 


ridge parallel to the slightly crenulated, sharp edge of 


the outer lip extending from the sinus to the beginning 


of the anterior canal. Columellar and parietal calluses 
weakly developed. Anterior canal straight, fairly long. 

Holotype.—NMB H 15291 (Text-fig. 23). 

Dimensions of holotype.—Height 16.0 mm, width 
7.1 mm. 

Type locality.—NMB locality 18574 (=PJ 285): 
Melajo River on the south slope of the eastern part of 
the Northern Range, Trinidad (Jung, 1969, p. 296, text- 
fig. 2). Melajo Clay Member of Springvale Formation 
(Early Pliocene). 

Remarks.—When I originally described L. disclusa, 
the material from the Savaneta Glauconitic Sandstone 
Member of the Springvale Formation of the Central 
Range of Trinidad was erroneously included in it 
(Jung, 1969, p. 552). The material from the Central 
Range is quite a different species; it is considerably 
smaller, has a larger apical angle, and is described 
herein under the name of L. paradisclusa. 


The above description states that the spiral sculpture 
includes a few secondary incised lines. As a matter of 
fact, the number of these secondary lines is quite var- 
iable. On the penultimate whorl they are present but 
on the lower part of the body whorl, they are frequent- 
ly missing. 

Comparisons.—The differences between L. disclusa 
and L. paradisclusa have been mentioned briefly. L. 
toroensis is larger than L. disclusa and has a larger 
apical angle. Its protoconch consists of 2.5 volutions 
as compared to 2.75 to 3 in L. disclusa. L. disclusa 
has many more opisthocline to opisthocyrt axial. rib- 
lets on the late part of the protoconch. In addition the 
number of axial ribs in L. foroensis is eight to nine on 
early teleoconch whorls, but 12—13 on the body whorl. 
The corresponding figures in L. disclusa are also eight 
to nine on early whorls, but only 9-10 on the body 
whorl. The size of L. disclusa is similar to that of L. 
heptagona. The protoconch of L. heptagona has only 
2.25 volutions, whereas that of L. disclusa has 2.75 to 
3. In addition the number of axial ribs per whorl is 
smaller in L. heptagona on both the early teleoconch 
whorls and the body whorl. 

Material.—Eight lots with a total of 29 specimens 
as listed below. All the specimens come from the Me- 
lajo River, south slope of the Northern Range, north- 
eastern Trinidad, and have been collected fro the Me- 
lajo Clay Member of the Springvale Formation (Early 
Pliocene, Globorotalia margaritae Zone). (See Jung, 
1969, p. 296, text-fig. 2.) 


1 spec., NMB H 15291: holotype. NMB locality 
18574 (=PJ 285). 

1 spec., NMB H 15292: figured paratype. NMB lo- 
cality 18574 (=PJ 285). 
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Text-figure 24.—Lepicythara disclusa Jung. NMB H 18114. Paratype. NMB locality 18574: Melajo River, south slope of the eastern part 
of the Northern Range, Trinidad. Melajo Clay Member of Springvale Formation. Height 5.2 mm, width 2.6 m. 1, front view; 2, enlargement 


of apical area; 3, enlargement of apical view. 


I spec.,. NMB H 15293: figured paratype. NMB lo- 
cality 18574 (=PJ 285). 

14 specs., NMB H 15290: paratypes. NMB locality 
18574 (=PJ 285). 

6 specs., NMB H 15286: paratypes. NMB locality 
18923 (=Hutch 47). 

2 specs., NMB H 15287: paratypes. NMB locality 
18925 (=Hutch 51). 

2 specs., NMB H 15288: paratypes. NMB locality 
18571 (=KR 11862). 

2 specs.,. NMB H 15289: paratypes. NMB locality 
18922 (=RR 293). 


Measurements.—(See Table 6.) 

Occurrence.—This species occurs only along the 
Melajo River on the south slope of the Northern Range 
of northeastern Trinidad. It has been found at the fol- 
lowing NMB localities: 18571, 18574, 18922, 18923 
and 18925. All these localities are part of the Melajo 
Clay Member of the Springvale Formation (Early Pli- 
ocene, Globorotalia margaritae Zone). 


Distribution.—So far L. disclusa is not known from 
outside Trinidad. 


Lepicythara heptagona (Gabb, 1873) 
Text-figures 26-31] 

Mangelia heptagona Gabb, 1873, p. 211. 

Cythara cercadica Maury, 1917, p. 61, pl. 9, fig. 15. 

Cythara heptagona (Gabb). Pilsbry, 1922, p. 322, pl. 17, fig. 9 (in 
part). Non Brown and Pilsbry, 1911, p. 345: see under L. sp. A. 
Non Weisbord, p. 55, pl. 5:13—14; see under L. cf. heptagona. 

Non Lepicythara heptagona (Gabb). Woodring, 1970, p. 390, pl. 60: 
4, pl. 64:11; see under L. sp. A. Non Perrilliat, 1973, p. 57, pl. 
28, figs. 9-12; see under L. aff. heptagona. 


Description.—Of medium to large size, biconic, 
rather slender to moderately stout. Protoconch consists 
of 2.25 volutions. Surface of protoconch smooth ex- 
cept for its last part which is sculptured by up to nine 
opisthocyrt axial riblets. Apex not pointed. Number of 
teleoconch whorls up to 5.5, their profile straight on 
early spire whorls, slightly convex on late spire 
whorls. The first two teleoconch whorls are somewhat 
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Text-figure 25.—Lepicythara disclusa Jung. NMB H 18115. Paratype. NMB locality 18574: Melajo River, south slope of the eastern part 
of the Northern Range, Trinidad. Melajo Clay Member of Springvale Formation. Height 15.8 mm, width 6.6 mm. 1, spire whorls; 2, enlargement 


of apical area; 3, apical view; 4, enlargement of apical view. 


carinated near the abapical suture thus overhanging it 
a little. Early teleoconch whorls sculptured by seven, 
rarely eight practically orthocline axial ribs, late 
whorls usually by nine, sometimes by eight. On the 
body whorl the axial ribs may be somewhat sigmoid. 
On the spire whorls the axial ribs are narrow adapi- 
cally but wider abapically. Interspaces of axial ribs 
concave, sculptured by four to seven incised spiral 
lines on spire whorls. On late spire whorls secondary 
incised spiral lines are introduced. All spiral lines cross 


the axial ribs. Suture not deep. Aperature narrow. Out- 
er lip thickened. Sinus adjoining suture shallow to 
moderately deep. Inner surface of outer lip smooth, 
with a more or less well developed ridge parallel to 
the sharp edge of the outer lip extending from the sinus 
to the beginning of the anterior canal. Columellar and 
parietal calluses moderately prominent. Anterior canal 
straight to slightly twisted to the left, narrow and short. 

Dimensions of lectotype.-—(ot heptagona): Height 
15.0 mm, width 6.5 mm. 
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Table 6.—Measurements (in mm) of Lepicythara disclusa Jung, 
1969. 


Height/ 


Restored width 
Specimen height Width ratio 
NMB H 15291 16.0 Tell 225, 
NMB H 15292 15.6 6.8 229 
NMB H 15293 13.3 6.7 1.98 
15.8 Iss 2.16 
NMB H 15290 15.8 6.6 2.39 
ISS 6.6 2.07 
15.1 22 2.09 
13.8 6.6 2.09 
15.2 Tal 2.14 
14.9 6.6 2.26 
13.9 és 2.21 1 2 3 
NMB H 15286 iS 7.4 2.05 
15.3 7.4 2.07 all x5 
13.6 6.5 2.09 
NMB H 15287 13.2 69 1.91 Text-figure 27.—Lepicythara heptagona (Gabb). NMB H 18122. 
13.1 = Sd NMB locality 16842. Rio Cana, Dominican Republic. Cercado For- 
NMB H 15288 15.2 AS 2 34 mation. Height 11.9 mm, width 5.0 mm. (Same specimen as Text- 
15.0 70 a 414 fig. 30.) 1, front view; 2, rear view; 3, front right side. 
NMB H 15289 16.9 7.4 2.28 


Type locality.—(of heptagona) According to Pilsbry 
(1922, p. 307) the exact locality and the age of the 
lectotype of L. heptagona are not known. For this rea- 
son the type locality is here restricted to NMB locality 
16932, where 4 of the 16 known specimens have been 


3 Text-figure 28.—Lepicythara heptagona (Gabb). NMB H 18123. 
Text-figure 26.—Lepicythara heptagona (Gabb). ANSP 2915 NMB locality 16914: Rio Mao, Dominican Republic. Cercado For- 
Lectotype. Cibao Region, Dominican Republic. Height 15.0 mm, mation. Height 15.6 mm, width 7.0 mm. 1, front view; 2, rear view; 


width 6.5 mm. 1, front view; 2, rear view; 3, from right side. 3, from right side. 
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Text-figure 29.—Lepicythara heptagona (Gabb). PRI 28656. Ho- 
lotype of Cythara cercadica Maury. Rio Mao, Bluff 1 f Maury, 
Dominican Republic. Gurabo Formation. Height 14.6 mm, width 5.4 
mm. 1, front view; 2, rear view: 3, from right side. 


collected: Rio Mao, Bluff 2 of Maury, Dominican Re- 
public. Cercado Formation (Late Miocene). For exact 
location see Saunders et al. (1986, text-figs. 29-31). 

Holotype.—(of cercadica) PRI 28656 (Text-fig. 29). 

Dimensions of holotype.—(of cercadica) Height 
14.6 mm, width 5.4 mm. 

Type locality.—(of cercadica) Rio Mao, Bluff 1 of 
Maury, Dominican Republic. Gurabo Formation (Late 
Miocene). 

Remarks.—Pilsbry (1922, p. 322) mentioned the 
type (lectotype) and another specimen. This specimen 
is the only paralectotype (ANSP 79153). Its proto- 
conch is incomplete, but its last volution is sculptured 
by nine opisthocline to slightly opisthocyrt axial rib- 
lets. The number of its teleoconch whorls is 4.5; these 
are sculptured by seven axial ribs, which are alined on 
successive whorls. L. heptagona is not a common spe- 
cies at all. As interpreted here it occurs only in the 
Late Miocene of the Dominican Republic. 

Comparisons.—L. heptagona may be compared 
with L. costaricensis, but there are some clear differ- 
ences mentioned under the latter species. L. /opezana 
from the late Early to early Middle Miocene Baitoa 
Formation of the Dominican Republic has more pro- 
toconch volutions, is smaller than L. heptagona, and 
its parietal callus is more strongly developed. 

Material.—Ten lots (all from the Dominican Repub- 
lic) with a total of only 16 specimens as listed below: 


1 spec., ANSP 2915 (lectotype), Ciboa Region. Ex- 
act locality and age not known. 


1 spec., ANSP 79135 (paralectotype), Cibao Re- 
gion. Exact locality and age not known. 

1 spec., PRI 28656 (holotype of Cythara cercadica 
Maury): Rio Mao, Bluff | of Maury. Gurabo For- 
mation (Late Miocene). 

| spec., NMB locality 15871: Rio Gurabo. Gurabo 
Formation (Late Miocene). 

1 spec., NMB locality 16821: Rio Cana. Gurabo 
Formation (Latest Miocene). 

1 spec., NMB locality 16842: Rio Cana. Cercado 
Formation (Late Miocene). 

3 spec., NMB locality 16910: Rio Mao. Bluff 1 of 
Maury. Gurabo Formation (Late Miocene). 

1 spec., NMB locality 16912: Rio Mao. Bluff 3 of 

Maury. Cercado Formation (Late Miocene). 

spec., NMB locality 16914: Rio Mao. Bluff 2 of 

Maury. Cercado Formation (Late Miocene). 

4 spec., NMB locality 16832: Rio Mao. Bluff 2 of 
Maury. Cercado Formation (Late Miocene). 


i) 


Measurements.—(See Table 7.) 

Occurrences.—This species is recorded from the 
following sections in the Dominican Republic (for lo- 
cation see Saunders et al., 1986). Rio Gurabo: NMB 
locality 15871: Gurabo Formation (Late Miocene). Rio 
Cana: NMB localities 16821: Gurabo Formation (Lat- 
est Miocene) and 16842: Cercado Formation (Late 
Miocene). Rio Mao: NMB localities 16910: Gurabo 
Formation (Late Miocene) and 16912, 16914, and 
16932: all Cercado Formation (Late Miocene). 

Distribution.—So far this species is not known from 
outside the Dominican Republic. 


Lepicythara cf. heptagona (Gabb, 1873) 
Text-figure 32 


Remarks.—The two specimens from Colombia men- 
tioned by Woodring (1970, p. 391) under his Lepicyth- 
ara heptagona are at hand. They were collected from 
a horizon assigned by Woodring to the Middle Miocene 
(probably rather Late Miocene), about half a kilometer 
east of Usiacuri, northern Columbia (USGS Station 
7873). The larger specimen (restored height 13. mm, 
width 6.5 mm, ratio 2.09) has a protoconch with a little 
less than three volutions carrying nine slightly opistho- 
cyrt axial riblets on its last portion. It has a little more 
than 4.5 teleoconch whorls carrying eight axial ribs per 
whorl on early whorls as well as on the body whorl. 
The profile of the teleoconch whorls is straight on the 
early whorls with an angulation near the abapical su- 
ture, but slightly convex on late whorls. The protoconch 
of the smaller specimen (restored height 10.4 mm, 
width 4.8 mm, ration 2.17) is not completely preserved, 
but carries ten opisthocyrt axial riblets on its last por- 
tion. The number of teleoconch whorls is 4.25. They 
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Text-figure 30.—Lepicythara heptagona (Gabb). NMB H 18122. NMB locality 16842: Rio Cana, Dominican Republic. Cercado Formation. 
Height 11.9 mm, width 5.0 mm. (Same specimen as Text-fig. 27.) 1, front view of spire whorls; 2, enlargement of apical area; 3, apical view; 


4, enlargement of apical view. 


are sculptured by eight axial ribs per whorl on early 
whorls, but by nine on the body whorl. The profile of 
the teleoconch whorls is the same as in the larger spec- 
imen. Both specimens from USGS Station 7873 are bi- 
conic and moderately slender. Their spiral sculpture 
consists of fine, incised lines which cross the axial ribs. 

Specimen PRI 22939 is the specimen described and 
figured by Weisbord (1929, p. 55, pl. 5, figs. 13-14) as 
Cythara heptagona? (Gabb), which was been collected 


from an unspecified locality and horizon in Colombia. It 
is re-figured here under this heading because it is only 
the third specimen of Lepicythara recorded from Colom- 
bia, 1f Oinomikado’s (1939, p. 624) undocumented rec- 
ord of Cythara cf. cercadica Maury from southwestern 
Colombia is not taken into consideration. The proto- 
conch of this weathered specimen is not preserved. The 
early teleoconch whorls carry seven axial ribs per whorl, 
the body whorl nine. Its anterior canal is broken. 
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Text-figure 31—Lepicythara heptagona (Gabb). NMB H 18124. NMB locality 16932: Rio Mao, Bluff 2 of Maury, Dominican Republic, 
Cercado Formation. Height 12.3 mm, width 4.5 mm. 1, spire whorls; 2, enlargement of apical area; 3, apical view; 4, enlargement of apical 


view. 


Due to its rather poor preservation the present writer 
is not able to determine whether specimen PRI 22939 
is conspecific with the two specimens from USGS Sta- 
tion 7873. On the other hand he is confident that they 
do not belong to L. heptagona (Gabb). Their proto- 
conch has a little less than three volutions, whereas 
specimens of L. heptagona from the Dominican Re- 
public never have more than 2.25 volutions. 


Lepicythara aff. heptagona (Gabb, 1873) 
Text-figure 33 


Lepicythara heptagona (Gabb). Perrilliat, 1973, p. 57, pl. 28, figs. 
9-12. 


Remarks.—Under the name of L. heptagona Perri- 
lliat (1973, p. 57) recorded specimens from Santa 
Rosa, Veracruz, Mexico. The location of this locality 
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Table 7.—Measurements (in mm) of Lepicythara heptagona 
(Gabb, 1873). 


Height/ 

Restored width 

Specimen height Width ratio 
ANSP 2915 15:2 6.5 2.34 
ANSP 79153 ib 3} 5.0 2.26 
PRI 28656 14.6 5.4 2.70 
NMB locality 16821 13.2 Syi/ 2.32 
NMB locality 16842 12.0 5.0 2.40 
NMB locality 16910 14.9 TS) 1.99 
14.2 6.8 2.09 

NMB locality 16912 15:9) 6.9 2.30 
NMB locality 16914 15.6 7.0 2.23 
NMB locality 16932 14.6 6.4 2.29 
17.0 7.0 2.43 


is given by Perrilliat (1972, p. 11, fig. 1). Akers (1972, 
p. 30) assigned those beds to the Agueguexquite For- 
mation, which he dated as Middle to Late Pliocene. 
Later Akers (1979, p. 497) introduced the name ‘*Me- 
dias Aguas Formation” stating that it ““will be desig- 
nated in a subsequent report (Tulane Studies in Geol- 
ogy and Paleontology) for unnamed beds of upper 
Miocene age (Zone N17)”. This promised paper, how- 
ever, never appeared, and the Medias Aguas Formation 
is therefore a nomen nudum. For further discussion of 
the Santa Rosa beds reference is made to Vokes (1994, 
p. 138) and Vermeij and Vokes (1997, p. 84). 

Perrilliat had six specimens from the same locality 
(USGS 23737) at hand, when she described her L. hep- 
tagona. The present writer has seen five of them. The 
sixth specimen was not available; it has been figured 
by Perrilliat (1973, pl. 28, figs. 11-12) carrying the 
number IGM2415, and is deposited in the Instituto de 
Geologia of the Universidad Nacional Autonoma de 
Mexico. The dimensions given by Perrilliat show that 
this is a Lepicythara of large size like L. heptagona 
from the Dominican Republic. The number of axial 
ribs per whorl ranges from seven on early whorls to 
nine on late whorls like in L. heptagona from the Do- 
minican Republic. 

The specimen figured here (Text-fig. 33) has an in- 
complete protoconch, but its last part shows eleven 
opisthocline to slightly opisthocyrt axial riblets. The 
number of its teleoconch whorls is 4.25. The first te- 
leoconch whorl is sculptured by seven, later whorls by 
eight to nine axial ribs. Specimen USNM 647171 has 
been figured by Perrilliat (1973, pl. 28, figs. 9-10). Its 
protoconch is not quite complete, but it is seen to con- 
sist of probably 3.25 volutions. This is a clear differ- 
ence to the protoconch of L. heptagona from the Do- 
minican Republic, which consists of only 2.25 volu- 
tions. The material from Santa Rosa is therefore not 
identified as L. heptagona, and it is insufficient to 
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Text-figure 32.—Lepicythara cf. heptagona (Gabb). PRI 22939. 
Specimen from an unspecified locality and horizon in northern Co- 
lombia figured by Weisbord (1929, pl. 5:13—14) under the name of 


Cythara heptagona? (Gabb). Height 13.7 mm, width 6.8 mm. 1, 


front view; 2, rear view; 3, from right side. 


serve as type material for the formal description of a 
new species. 


Lepicythara higensis, new species 
Text-figures 34—36 


Description.—Of medium to large size, slender. 
Protoconch consists of 2.5 volutions. The surface of a 
little less than the first two volutions is smooth. The 
remainder of the protoconch is sculptured by up to 14 
opisthocline to opisthocyrt axial riblets. Apex not 
pointed. Number of teleoconch whorls up to 6.75; their 
profile straight on early spire whorls, slightly convex 
on late spire whorls. The first two to three teleoconch 
whorls are somewhat carinated near the abapical suture 
thus overhanging it a little. Early teleoconch whorls 
sculptured by seven to nine orthocline to slightly opis- 
thocline axial ribs, late whorls by ten to eleven. Inter- 
spaces of axial ribs concave, sculptured by three in- 
cised, spiral lines on early teleoconch whorls, by five 
on the penultimate whorl. There are a few secondary 
incised, spiral lines. All spiral lines cross the axial ribs. 
Suture shallow. Aperture narrow. Outer lip thickened. 
Sinus adjoining suture shallow. Inner surface of outer 
lip smooth, without a ridge parallel to the sharp edge 
of the outer lip, but with a small thickening just below 
the sinus adjoining the suture. Parietal callus slightly 
thickened near sinus, columellar callus inconspicuous. 
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Text-figure 33.—Lepicythara aff. heptagona (Gabb). USNM 495825. USGS Station 23737: Santa Rosa, Veracruz, Mexico. Beds of Late 
Miocene age. Height 13.7 mm, width 6.0 mm. 1, from right side; 2, enlargement of apical area; 3, apical view; 4, enlargement of apical view. 
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Text-figure 34.—Lepicythara higensis n. sp. NMB H 18146. Ho- 
lotype. NMB locality 17736: southern end of Golfo Dulce, Pacific 
side of Costa Rica: Quebrada El Higo, about 5 km northeat of Punta 
Banco; at bridge across Quebrada. Pleistocene. Height 16.1 mm, 
width 6.4 mm. 1, front view; 2, rear view; 3, from right side. 


Anterior canal twisted to the left, rather narrow, and 
moderately long. 


Holotype.—NMB H 18146 (Text-fig. 34). 
Dimensions of holotype.—Height 16.1 mm, width 
6.4 mm. 


Type locality—NMB locality 17736 (=PPP 237): 
southern end of Golfo Dulce, Pacific side of Costa 
Rica. Quebrada El Higo, about 5 km northeast of Pun- 
ta Banco; at bridge across Quebrada. Pleistocene. See 
Text-figure 36. 

Remarks.—The largest lot of L. higensis consists of 
nine specimens, which are part of a float collection. 
The specimens are rolled and sculptural details are not 
preserved. With the exception of the protoconch most 
of them are complete specimens. The protoconch of 
the figured paratype is complete but a little weathered. 

Comparisons.—Specimens of L. polygona from the 
Cercado and Gurabo Formations (Late Miocene to 
Early Pliocene) of the Dominican Republic are smaller 
than L. higensis and have many more axial ribs per 
whorl. Specimens of L. toroensis trom the Early Pli- 
ocene Shark Hole Point Formation of the Valiente Pen- 
insula, Panama, have the same number of volutions of 
the protoconch, but L. toroensis is a larger and stouter 
species with more axial ribs per whorl. 


Material.—Five lots with a total of 15 specimens as 
listed below (all of the localities are situated in the 
Quebrada El Higo, about 5 km northeast of Punta Ban- 
co, southern end of Golfo Dulce, Pacific side of Costa 
Rica): (see Text-fig. 36). 


1 spec., NMB locality 17736 (=PPP 237): at bridge 
across Quebrada El] Higo. Pleistocene. Holotype. 

9 spec., NMB locality 17745 (=PPP 436): Quebrada 
El] Higo. Float collected over an air distance of 
550 m, i.e., from near mouth of Quebrada to con- 
tact with basalt. Pleistocene. Paratypes. 

1 spec., NMB locality 17746 (=PPP 273): Quebrada 
El Higo. Float collected over an air distance of 
1.5 km above waterfall (basalt). Pleistocene. Pa- 
ratype. 

3 spec., NMB locality 17752 (=PPP 262): Quebrada 
El Higo, about 550 m air distance downstream 
from contact with basalt. Pleistocene. Paratypes. 

1 spec., NMB locality 17793 (=PPP 268): Quebrada 
El Higo, above waterfall. Pleistocene. Paratype. 


Measurements.—(See Table 8.) 

Occurrence.—This species is recorded from the fol- 
lowing NMB localities, which are all situated in the 
Quebrada El Higo, Pacific side of Costa Rica (Text- 
fig. 36): 17736, 17745, 17746, 17752, 17793 (Pleis- 
tocene). 

Distribution.—So far this species is not known out- 
side the type area. 

Etymology.—Reters to the geographic name of Que- 
brada El Higo, Province of Puntarenas, Costa Rica. 


Lepicythara lopezana, new species 
Text-figures 37—38 


Description.—Of medium to large size, moderately 
slender. Protoconch consists of 2.75 volutions. The 
surface of the first two and a litthe more volutions is 
smooth, the remainder of the protoconch sculptured by 
up to eight opisthocline to opisthocyrt axial riblets. 
Apex slightly pointed. Number of teleoconch whorls 
up to 5.25; their profile is slightly convex on early 
whorls and convex on later whorls. Early teleoconch 
whorls sculptured by seven to eight orthocline to 
slightly opisthocline axial ribs, concave, sculptured by 
four incised spiral lines on the first teleoconch whorl 
and increasing in number to eight on the penultimate 
whorl There are a few secondary incised, spiral lines. 
All spiral lines cross the axial ribs. Suture moderately 
deep. Aperature narrow. Outer lip thickened. Sinus ad- 
joining suture rather deep. Inner surface of outer lip 
smooth, with a prominent ridge parallel to the sharp 
edge of the outer lip extending from the sinus to the 
beginning of the anterior canal. Parietal callus thick- 
ened near sinus, columellar callus moderately promi- 
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Text-figure 35.—Lepicythara higensis n. sp. NMB H 18147. Paratype. NMB locality 17752: Quebrada El Higo, about 5 km northeast of 
Punta BAnco, southern end of Golfo Dulce, Pacific side of Costa Rica, about 550 m air distance downstream from contact with basalt. 
Pleistocene. Height 14.6 mm, width 5.6 mm. 1, rear view; 2, enlargement of apical area; 3, further enlargement of apical area; 4, apical view; 
5, enlargement of apical view; 6, further enlargement of apical view. 
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Text-figure 36.—Sketch map of Quebrada El Higo, Costa Rica, 
showing position of NMB localitites that have yielded L. higensis. 


nent. Anterior canal slightly twisted to the left and 
short. 


Holotype.—NMB H 18126 (Text-fig. 37). 
Dimensions of holotype.—Height 13.9 mm, width 
6.0 mm. 


Type locality.—NMB locality 17288: Lopez section 
on Rio Yaque del Norte, Dominican Republic. Baitoa 
Formation (Late Early to Early Middle Miocene). For 
location and stratigraphic position see Saunders ef al. 
(1986, text-fig. 21, 25, pl. 9). 

Remarks.—This species is based on six specimens 
only. The holotype and two paratypes from NMB lo- 


Table 8—Measurements (in mm) of Lepicythara higensis new 


species. 
Height/ 
Restored width 
Specimen height Width ratio 
NMB locality 17736 16.2 6.4 2.53 
NMB locality 17745 16.7 6.0 2.78 
13.9 5.4 2.57 
13.2 5.0 2.64 
13.0 5:3, 2.45 
14.8 5.6 2.64 
14.3 5.8 2.47 
NMB locality 17746 122 4.8 2.54 
NMB locality 17752 14.6 5.6 2.60 
1333 2) 2.56 
NMB locality 17793 12.9 5.3 2.43 


cality 17289 are the only adult and more or less com- 
plete specimens. One of the paratypes is immature and 
the remaining two are fragmentary. However, one of 
the fragmentary paratypes has a complete protoconch 
(see Text-fig. 38.3). 

Comparisons.—L. lopezana is very similar to L. 
heptagona (Gabb) from the Cercado and Gurabo For- 
mations (Late Miocene) of the Dominican Republic. 
On an average L. heptagona is somewhat larger than 
L. lopezana. The main differences, however, is seen in 
the protoconch: that of L. heptagona has 2.25 volu- 
tions, that of L. lopezana 2.75. In addition the parietal 
callus of L. lopezana is more strongly developed. 

Material.—Four lots with a total of only six speci- 
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Text-figure 37.—Lepicythara lopezana n. sp. NMB H 18126. Ho- 
lotype. NMB locality 17288: Lopez section on Rio Yaque del Norte, 
Dominican Republic. Baitoa Formation. Height 13.9 mm, width 6. 


mm. 1, front view; 2, rear view; 3, from right side. 
& 
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Text-figure 38.—Lepicythara lopezana n. sp. NMB H_ 18125. 
Paratype. NMB locality 17287. Lopez section on Rio Yaque del 
Norte, Dominican Republic. Baitoa Formation. Height 6.4 mm, 
width 3.0 mm. 1, enlargement of apical area; 2, apcal view; 3, en- 
largement of apical view. 


Table 9.—Measurements (in mm) of Lepicythara lopezana new 
species. 


Height/ 

Restored width 

Specimen height Width ratio 
NMB locality 17288 14.0 6.0 2.33, 
NMB locality 17289 12.4 Sf Dale) 
11.5 5.0 2.30 


mens are listed below. All the lots come from the Lo- 
pez section on Rio Yaque del Norte, Dominican Re- 
public. Baitoa Formation (late Early to early Middle 
Miocene): 


spec.. NMB locality 17286. Paratype. 
specs.. NMB locality 17287. Paratypes. 
spec., NMB locality 17288. Holotype. 
specs., NMB locality 17289 Paratypes. 


Ne Ne 


Measurements.—(See Table 9.) 

Occurrence.—This species occurs only in the Lopez 
section on Rio Yaque del Norte, Dominican Republic. 
It has been found at the following NMB localities: 
17286-17289. All these localities are situated in the 
Baitoa Formation (late Early to early Middle Miocene) 
(Saunders er al., 1986, text-figs. 21, 25, pl. 9). 

Distribution.—So far L. lopezana is not known from 
outside the type area. 

Etymology.—Refers to the Lopez section on Rio Ya- 
que del Norte, Dominican Republic. 


Lepicythara cf. lopezana, new species 
Text-figure 39 


Remarks.—At first the present writer was tempted 
to include in L. lopezana, five specimens from the 
Thomonde Formation of Haiti, which are of about the 
same age as L. lopezana from the Lopez section. Three 
of these specimens (USNM 482429) are from USGS 
locality 9945: trail from Hinche to Thomassique, at a 
crossing of Riviere Roche Salee, left bank, Departe- 
ment del l’Artibonite. The remaining two specimens 
(USNM 482596) are from USGS locality 9946, which 
is almost the same locality, but on the right bank of 
the river and stratigraphically 1 m above USGS local- 
ity 9945. The specimens from Haiti have a protoconch 
like that of L. lopezana consisting of 2.75 volutions. 
The figured protoconch (see Text-fig. 39.4) is not pre- 
served well enough to see this, but a specimen from 
USGS locality 9945 has a protoconch consisting of 
2.75 volutions, but other features are incomplete. The 
Haitian specimens are smaller and a little more slender 
than those from the Lopez section, i.e., their apical 
angle is somewhat smaller. There are eight axial ribs 
per whorl on early teleoconch whorls, but eight to nine 
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Text-figure 39.—Lepicythara cf. lopezana n. sp. USNM 482596. USGS Station 9946: trail fro Hinche to Thomassique at crossing of Riviere 


Roche Salee, right bank, Department de I’ Artibonite, Haiti. Thomonde Formation. Height 11.0 mm, width 4.4 mm. 1, front view; 2, enlargement 
of apical area; 3, apical area; 4, enlargement of apical view. 


on the body whorl, which is slightly more than in L. Measurements.—(See Table 10.) 

lopezana. In addition the spiral sculpture of the Haitian ; 
specimens is not well developed. Because of these dif- Lepicythara paradisclusa, new species 
ferences and in view of the scarcity of material the Text-figures 40-42 

specimens from Haiti are not considered conspecific “Cythara” (Brachicythara?) cf. terminula Dall. Rutsch, 1942, p. 
with L. lopezana. 169, pl. 3, figs. 10-11. 
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Table 10.—Measurements (in mm) of Lepicythara cf. lopezana 
new species. 


Height/ 

Restored width 

Specimen height Width ratio 
USNM 482429 9.8 3\8) 2.51 
Tal 3:2 222 

USNM 482596 11.0 4.4 2.50 


Lepicythara disclusa Jung, 1969, p. 551, in part (not pl. 59, figs. 
7-10). 


Description.—Of small to medium size, strongly bi- 
conic and stout. Protoconch consists of 2.75 volutions. 
The surface of the first two volutions is smooth, the 
remainder of the protoconch is sculptured by about 12 
opisthocline to opisthocyrt axial riblets. Apex hardly 
pointed. Number of teleoconch whorls 4.5, their profile 
practically straight. Teleoconch whorls sculptured by 
eight, rarely nine, orthocline to slightly opisthocline 
axial ribs per whorl thus being alined on successive 
whorls. The axial ribs of the first two teleoconch 
whorls are somewhat pointed at the periphery thus 
projecting a little over the abapical suture. Interspaces 
of axial ribs a little concave, sculptured by four in- 
cised, spiral lines on the first teleoconch whorl and 
increasing in number to ten on the penultimate whorl 
There are few secondary incised, spiral lines. All spiral 
lines cross the axial ribs. Suture shallow. Aperture nar- 
row. Outer lip thickened. Sinus adjoining suture shal- 
low. Inner surface of outer lip smooth, in rare cases 
with an inconspicuous ridge parallel to the sharp edge 
of the outer lip extending from the sinus to the begin- 
ning of the anterior canal. Columellar and parietal cal- 
luses weakly developed. Anterior canal slightly twisted 
to the left, rather short. 

Holotype.—NMB H 18120 (Text-fig. 40). 

Dimensions of holotype.—Height 8.6 mm, width 4.7 
mm. 

Type locality.—NHB locality 13720: Central Range, 
Trinidad; 1700 feet southwest of Philippine Estate. Sa- 
vaneta Glauconitic Sandstone Member of Springvale 
Formation (Early Pliocene, Globorotalia margaritae 
Zone) (Jung, 1989, p. 13, fig. 13). 

Remarks.—Many of the available specimens are in- 
complete. There is not a single perfectly preserved 
protoconch. 

Comparisons.—L. paradisclusa cannot be compared 
with any of the species described herein. It is the only 
species with a straight profile on its late teleoconch 
whorls. In addition its apical angle is larger than in 
other species. 


all x5 


Text-figure 40.—Lepicythara paradisclusa n. sp. NMB H 18120. 
Holotype. NMB locality 13720: 1700 feet southwest of Philippine 
Estate, Central Range, Trinidad. Savaneta Glauconitic Sandstone 
Member of Springvale Formation. Height 8.6 mm, width 4.7 mm. 
1, front view; 2, rear view; 3, from right side. 


Material.—Five lots with a total of 26 specimens as 
listed below: 


19 specs., NMB locality 13720 (holotype and para- 
types): 1700 feet southwest of Philippine Estate, 
Central Range, Trinidad. Savaneta Glauconitic 
Sandstone Member of Springvale Formation 
(Early Pliocene, Globorotalia margaritae Zone). 

2 specs., NMB locality 10490 (paratypes): same lo- 
cality as lot 1. 

1 spec., NMB H 6250 (paratype; figured by Rutsch, 
1942, pl. 3, fig. 10) NMB locality 10515: Brechin 
Castle Estate, Central Range, Trinidad. Savaneta 
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Text-figure 41.—Lepicythara paradisclusa n. sp. NMB H 18121. 
Paratype. NMB locality 13720: 1700 feet southwest of Philippine 
Estate, Central Range, Trinidad. Savaneta Glauconitic Sandstone 
Member of Springvale Formation. Height 8.1 mm, width 4.3 mm 
1, front view; 2, rear view; 3, from right side. 
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Text-figure 42.—Lepicythara paradisclusa n. sp. NMB H 18116. Paratype. NMB locality 13720: 1700 feet southwest of Philippine Estate, 
Central Range, Trinidad, Savaneta Glauconitic Sandstone Member of Springvale Formation. Height 6.4 mm, width 3.3 mm. 1, rear view; 2, 


enlargement of apica area; 3, apical area; 4, enlargement of apical view. 


Glauconitic Sandstone Member of Springvale 
Formation (Early Pliocene, G. margaritae Zone). 

| spec., NMB H 6251 (paratype; figured by Rutsch, 
1942, pl. 3, fig. 11). NMB locality 10515: same 
as lot 3. 

3 spec., NMB H 6288 (paratypes; mentioned by 
Rutsch, 1942, p. 170). NMB locality 10512: Rio 
Dulce, Central Range, Trinidad. Gransaull Clay 


4 x70 


5 


Member of Springvale Formation (Early Plio- 
cene, G. margaritae Zone). 


Measurements.—(See Table 11.) 

Occurrences.—This species is recorded from the 
following NMB localities, which are all situated in the 
Early Pliocene Springvale Formation of the Central 
Range of Trinidad: 10490, 10512, 10515, 13720. 
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Table 11.—Measurements (in mm) of Lepicythara paradisclusa 
new species. 


Height/ 

Restored width 

Specimen height Width ratio 
NMB locality 13720 8.6 4.7 1.82 
8.2 4.3 1.91 

12.5 5.8 2.16 

OF 4.9 1.98 

7.6 4.1 1.85 

Oy} 5.0 1.86 

10.1 4.8 2.10 

11.0 52 2.12 

9.0 4.6 1.96 

NMB H 6250 10.5 4.9 2.14 
NMB H 6251 12.3 6.2 1.98 
HMB H 6288 10.5 5.6 1.87 


Distribution.—So far this species is not known from 
outside the Central Range of Trinidad. 

Etymology.—Greek para (= next to, beside); refer- 
ring to the fact that geographically and stratigraphi- 
cally this species is close to L. disclusa. 


Lepicythara polygona (Gabb, 1873) 
Text-figures 43-56 
Mangelia polygona Gabb, 1873, p. 211. 
Cythara polygona (Gabb). Pilsbry, 1922, p. 322, pl. 17, fig. 10. 
Cythara polygona Gabb. Maury, 1917, p. 60, pl. 9, fig. 13. 
Cythara caimitica Maury, 1917, p. 60, pl. 9, fig. 14. 


Description.—Of small to medium size, slender to 
moderately slender. Protoconch consists of 2.25 to 
2.75 volutions. Surface of protoconch smooth except 
for its last part, which is sculptured by up to 20 axial 
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Text-figure 44.—Lepicythara polygona (Gabb). PRI 28654. Spec- 
imen figured by Maury (1917, pl. 9, p. 130). Rio Mao, Bluff 3 of 
Maury, Dominican Republic. Cercado Formation. Height 10.7 mm, 
width 4.6 mm. 1, front view; 2, rear view; 3, from right side. 


riblets. The first riblets are faint, but gradually become 
more conspicuous. At the same time their shape is 
changing from opisthocyrt in the beginning to opistho- 
cline toward the end of the protoconch. In the inter- 
spaces of the last axial riblets there are four (rarely 
five) equally spaced flat, spiral ridges, which do not 
cross the axial riblets. Apex not pointed. Number of 
teleoconch whorls up to five, their profile almost 
straight to convex on early spire whorls, slightly con- 
vex on late spire whorls. The first one to two teleo- 
conch whorls may be somewhat carinated near the ab- 


1 2 3 
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Text-figure 43.—Lepicythara polygona (Gabb). ANSP 2916. Lec- 
totype. Cibao Region, Dominican Republic. Exact locality and age 
unknown. Height 10.9 mm, width 4.6 mm. 1, front view; 2, rear 


view; 3, from right side. 
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Text-figure 45.—Lepicythara polygona (Gabb). PRI 28655. Ho- 
lotype of Cythara caimitica Maury (1917, p. 60, pl. 7, fig. 14). Rio 
Cana near Caimito, Dominican Republic. Cercado Formation. 
Height 9.8 mm, width 4.9 mm. 1, front view; 2, rear view; 3, from 


right side. 
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Text-figure 46.—Lepicythara polygona (Gabb). ANSP 79154. Paralectotype (with 13 axial ribs on body whorl). Cibao Region, Dominican 
Republic. Exact locality and age unknown. Height 5.8 mm, width 2.7 mm. 1, from right side; 2, enlargement of apical area; 3, enlargement 


of apical view. 


apical suture. Early teleoconch whorls sculptured by 
eight to thirteen practically orthocline axial ribs, late 
whorls by 12 to 28. On the body whorl the axial ribs 
may be slightly sigmoid. On the spire whorls the axial 
ribs have practically the same width from suture to 
suture. Interspaces of axial ribs concave. On the first 
teleoconch whorl these interspaces are sculptured by 
five or six spiral threads with interspaces of varying 
width. On later whorls these spiral threads become flat- 
topped and their interspaces narrower. On late whorls 
these flat-topped and wide spirals may be subdivided 
by a median, incised line. All spiral threads of the 
teleoconch cross the axial ribs. Suture not deep. Ap- 
erture narrow. Outer lip thickened. Sinus adjoining su- 
ture shallow to moderately deep. Inner surface of outer 
lip smooth, with a more or less well-developed ridge 
parallel to the sharp edge of the outer lip. This ridge 
extends from the sinus to the beginning of the anterior 
canal or only part of this distance. Columellar and pa- 
rietal calluses moderately prominent. Anterior canal 
slightly twisted to the left, narrow, and short. 

Lectotype.—(of polygona) ANSP 2916 (Text-fig. 
43). 


Dimensions of lectotype.—(of polygona) Height 
10.9 mm, width 4.6 mm. 

Type locality.—(ot polygona) According to Pilsbry 
(1922, p. 307), the exact locality and age of the lec- 
totype of L. polygona are not known. For this reason 
the type locality is here restricted to NMB locality 
16923 (from where 83 specimens are available): Rio 
Mao, mouth of Arroyo Bajon, Dominican Republic. 
Cercado Formation (Late Miocene). For exact location 
and stratigraphic position, see Saunders ef al. (1986, 
text-figs. 29-30, 32). 

Holotype.—(of caimitica) PRI 28655 (Text-fig. 45). 

Dimensions of holotype.—(of caimitica) Height 9.8 
mm, width 4.9 mm. 

Type locality.—(of caimitica) Rio Cana near Cai- 
mito, Dominican Republic. Cercado Formation (Late 
Miocene). 

Remarks.—L. polygona 1s represented by a total of 
1184 specimens from 40 different localities from the 
sections of Rio Mao, Rio Cana, and Rio Gurabo. The 
provenance of the material is not even: there are 526 
specimens from 18 localities along Rio Mao, 23 spec- 
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Text-figure 47. 


w 
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Lepicythara polygona (Gabb). ANSP 79514. Paralectotype (with 17 axial ribs on body whorl). Cibao Region, Dominican 


Republic. Exact locality and age unknown. Height 7.0 mm, width 3.4 mm. 1, from left side: 2, enlargement of apical area; 3, enlargement of 


apical view. 


imens from nine localities along Rio Cana, and 635 
specimens from 13 localities along Rio Gurabo. 

It is not surprising that this large amount of material 
shows some variability in several respects. As indi- 
cated in the description the number of axial ribs on 
teleoconch whorls varies greatly but differently from 
river to river. The number of axial ribs on early teleo- 
conch whorls varies from ten to thirteen on Rio Mao, 
from eight to eleven on Rio Cana, and from ten to 
thirteen again on Rio Gurabo. The corresponding num- 
ber on the body whorl varies from 14 to 23 on Rio 
Mao, from 12 to 18 on Rio Cana, and from 13 to 28 
on Rio Gurabo. 

The protoconch is said to vary from 2.25 to 2.75 
volutions in the above description. As a matter of fact, 
it varies from 2.5 to 2.74 volutions in the material from 
Rio Mao, but from 2.25 to 2.5 in the material from 
Rio Cana and Rio Gurabo. In addition the initial vo- 
lution in the material from Rio Mao is very slightly 
smaller than that in the material from Rio Cana and 
Rio Gurabo. Whether this has to be interpreted as a 
geographic variation remains undetermined for the 
time being. Stratigraphically, the material from Rio 
Mao occurs between Bluff 2 and 3 of Maury, which 


corresponds to about 45 m of section within the Cer- 
cado Formation. In Rio Cana, L. polygona occurs from 
170 to 230 m in the section, i.e., over a thickness of 
60 m in the upper part of the Cercado Formation, and 
in the Rio Gurabo from 80 to 140 m in the section, 
i.e., also over a thickness of 60 m in the upper part of 
the Cercado Formation. Thus, L. polygona lived at 
about the same time in all three river sections. There 
is one stratigraphic exception in the Rio Cana section: 
NMB locality 16817 has yielded a single specimen of 
L. polygona, which belongs to the Early Pliocene part 
of the Gurabo Formation (stratigraphic distribution ac- 
cording to Saunders et al., 1986). 

As listed under material, there are nine paralecto- 
types of L. polygona (ANSP 79154). Three of them 
are figured (see Text-fig. 46). Two of them have a pro- 
toconch with 2.5 volutions, the third with 2.75 volu- 
tions. The surface of the first two volutions is smooth. 
The remainder of the protoconch is sculptured by 
about twelve axial riblets. The first of these riblets are 
faint, but gradually become more conspicuous. At the 
same time, their shape is changing from opisthocyrt in 
the beginning to opisthocline toward the end of the 
protoconch. In the interspaces of the last few axial 
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Text-figure 48.—Lepicythara polygona (Gabb). ANSP 79154. Paralectotype (with 19 axial ribs on body whorl) Cibao Region. Dominican 
Republic. Exact locality and age unknown. Height 9.7 mm, width 4.0 mm. 1, front view; 2, enlargement of apical area; 3, enlargement of 


apical view. 


riblets, there are four equally spaced spiral threads, 
which however, do not cross the axial riblets. Further- 
more, their initial volution is slightly smaller than that 
of protoconchs from the sections of Rio Cana and Rio 
Gurabo (see above). Comparison with a protoconch 
from NMB locality 16915 on Rio Mao (Text-fig. 50.4) 
shows that they are practically identical These features 
make it highly probable that the type lot of L. poly- 
gona had been collected from the Rio Mao section. 

Comparisons.—L. polygona cannot meaningfully be 
compared with any of the species described herein. It 
has many more axial ribs on the teleoconch whorls 
than any other species. 

Material.—The NMB localities cited are all from 
the Late Miocene Cercado Formation of the Domini- 
can Republic except as noted (NMB locality 16817: 
Rio Cana, Early Pliocene part of Gurabo Formation, 
and NMB locality 15878: Rio Gurabo, Late Miocene 
part of Gurabo Formation). There are 40 lots with a 
total of 1184 specimens as listed below: 


1 spec., ANSP 2916 (lectotype): Cibao Region. Ex- 
act locality and age unknown. 

9 spec., ANSP 79154 (paralectotypes): Cibao Re- 
gion. Exact locality and age unknown. 

1 spec., PRI 28654 (figured by Maury 1917, pl. 9, 
fig. 13): Rio Mao, Bluff 3 of Maury. 

1 spec., PRI 28655: holotype of L. caimitica; Rio 
Cana near Caimito. 

18 spec., NMB locality 16912: Rio Mao, Bluff 3 of 
Maury. 

79 spec., NMB 16913: Rio Mao, Bluff 3 of Maury. 

1 spec.. NMB 16914: Rio Mao, Bluff 2 of Maury. 

37 spec., NMB 16915: Rio Mao, Arroyo Bajon. 

7 spec., NMB 16917: Rio Mao, Arroyo Bajon. 

32 spec., NMB 16917: Rio Mao, Arroyo Bajon. 

42 spec., NMB 16918: Rio Mao, Arroyo Bajon. 

Il spec., NMB 16922: Rio Mao, Arroyo Bajon. 

83 spec., NMB 16923: Rio Mao, Arroyo Bajon. 

42 spec., NMB 16924: Rio Mao, Arroyo Bajon. 

74 spec., NMB 16926: Rio Mao, Arroyo Bajon. 

63 spec., NMB 16927: Rio Mao, Arroyo Bajon. 
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Text-figure 49.—Lepicythara polygona (Gabb). NMB locality 16913: Rio Mao, Bluff 3 of Maury, Dominican Republic, Cercado Formation. 
1-2, NMB H 18127. Height 9.9 mm, width 3.6 mm. 1, front view of aperture; 2, enlargement of apical area. 3-4, NMB H 18128. Height 8.6 
with a ridge parallel to the sharp edge of the outer lip; 4, 


mm, width 3.6 mm. 3, front view of aperature: note inner surface of outer lip 
ght 6.5 mm, width 2.7 mm. 5, rear view: 6, enlargement of apical area; 7, further enlargement 


enlargement of apical area. 5-7, NMB 18129. Hei 
of apical area. 


48 BULLETIN 366 


4 x70 


Text-figure SO.—Lepicythara polygona (Gabb). NMB H 18139. NMB locality 16915: Rio Mao, Arroyo Bajon, Dominican Republic. Cercado 


Formation. Height 10.6 mm, width 4.4 mm. 1, front view of spire whorls; 2, enlargement of apical area; 3, apical view; 4, enlargement of 
apical view. 


n 


20 spec., NMB 16928: Rio Mao, Arroyo Bajon. 
4 spec., NMB 16929: Rio Mao, 130 m below Ar- 
royo Bajon. 


spec., NMB 16855: Rio Cana. 
spec., NMB 16856: Rio Cana. 
spec., NMB 16986: Rio Cana. 


Wn Wn 


2 spec., NMB 17269: Rio Mao, Bluff 3 of Maury. 3 spec., NMB 17003: Rio Cana. 

| spec., NMB 16817: Rio Cana, Canada de Zamba. 8 spec., NMB 15878: Rio Gurabo. Gurabo Forma- 
Gurabo Formation (Early Pliocene). tion (Late Miocene). 

5 spec., NMB 16838: Rio Cana. 14 spec., NMB 15900: Rio Gurabo. 

1 spec., NMB 16844: Rio Cana. 180 spec., NMB 15903: Rio Gurabo. 

| spec., NMB 16854: Rio Cana. 78 spec., NMB 15904: Rio Gurabo. 
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Text-figure 51.—Lepicythara polygona (Gabb). 1-2, NMB H 18130. NMB locality 16844. Rio Cana, Dominican Republic. Cercado For- 


mation. Height 9.0 mm, width 4.3 mm. 1, rear view; 2, enlargement of apical area. 3-5, NMB H 18131. NMB locality 16844. Rio Cana, 
Dominican Republic. Cercado Formation. Height 9.0 mm, width 4.3 mm. 3, rear view; 4, enlargement of apica area; 5, enlargement to show 


oPxs0 


spiral sculpture. 


113 spec., NMB 15906: Rio Gurabo. 15 spec., NMB 15914: Rio Gurabo. 
65 spec., NMB 15907: Rio Gurabo. 27 spec., NMB 15915: Rio Gurabo. 
55 spec., NMB 15910: Rio Gurabo. 14 spec., NMB 15916: Rio Gurabo. 


32 spec., NMB 15911: Rio Gurabo. 
31 spec., NMB 15912: Rio Gurabo. 
3 spec., NMB 15913: Rio Gurabo. 


Measurements.—(See Table 12 and Text-figure 56.) 
Occurrence.—This species is recorded from the fol- 
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Text-figure 52.—Lepicythara polygona (Gabb). 1-4, NMB H 18137. NMB locality 16856: Rio Cana, Dominican Republic. Cercado For- 
mation. Height 9.5 mm, width 4.0 mm. 1, rear view; 2, enlargement of apical area; 3, apical view; 4, enlargement of apical view. 5-7, NMB 
H 18138. NMB locality 17003: Rio Cana, Dominican Republic. Cercado Formation. Height 5.2 mm, width 2.6 mm. 5, enlargement of apiclarea; 
6, apical view; 7, enlargement of apical view. 
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Text-figure 53.—Lepicythara polygona (Gabb). NMB locality 15906: Rio Gurabo, Dominican Republic, Cercado Formation. 1-3, NMB H 
18132. Height 8.6 mm, width 3.33 mm. 1, rear view: 2, enalrgement of apical area; 3, enlargement to show spiral sculpture. 4-6, NMB H 
18133. Height 10.2 mm, width 4.9 mm. 4, rear view: 5, enlargement of apical area; 6, enlargement to show spiral sculpture. 
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Text-figure 54.—Lepicythara polygona (Gabb). NMB locality 15906: Rio Gurabo, Dominican Republic, Cercado Formation. 1-2, NMB H 
18134. Height 11.4 mm, width 4.4 mm. 1, front view; 2, enlargement of apical area. 3-4, NMB H 18135. Height 10.0 mm, width 4.1 mm. 


3, front view: 4, enlargement of apical area. 


lowing NMB localities and section in the Dominican 
Republic: 


Rio Mao: 16912-16918, 16922-16924, 16926— 
16929, 17269: all Cercado Formation (Late Mio- 
cene). 

Rio Cana: 16838, 16844, 16854-16856, 16986, 
17003: all Cercado Formation (Late Miocene); 
16817: Gurabo Formation (Early Pliocene). 

Rio Gurabo: 15900, 15903, 15904, 15906, 15907, 


15910-15916: all Cercado Formation (Late Mio- 
cene); 15878: Gurabo Formation (Late Miocene). 


Distribution.—So far this species is not known from 
outside the Dominican Republic. 


Lepicythara terminula (Dall, 1890) 
Text-figures 57—64 


Mangilia (Cythara) terminula Dall, 1890, p. 38, pl. 2, fig. 5. 
Lepicythara terminula Dall. Olsson, 1964, p. 111. 
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Text-figure 55.—Lepicythara polygona (Gabb). NMB H 18136. NMB locality 15903: Rio Gurabo, Dominican Republic, Cercado Formation 
Height 6.1 mm, width 2.8 mm. 1, oblique front view; 2, enlargement of apical area; 3, apical area; 4, enlargement of apical view. 


Description.—Of medium to large size, biconic, 
moderately slender. Protoconch consists of 2.5 volu- 
tions. The surface of the first one and a half volutions 
is smooth, the remainder of the protoconch sculptured 
by up to 17 slightly opisthocline axial riblets. Apex 
not pointed. Number of teleoconch whorls up to 5.75, 
their profile straight on early spire whorls, slightly 
convex on later spire whorls. The first two teleoconch 
whorls are somewhat carinated near the abapical suture 
and thus overhanging it. Teleoconch whorls sculptured 


by orthocline to slightly opisthocline axial ribs. Their 
number per whorl is usually eight or nine, rarely sev- 
en, or up to ten. The axial ribs may or may not be 
alined on successive whorls. They are narrow adapi- 
cally and wider abapically. Interspaces of axial ribs 
concave, sculptured by three to seven incised, spiral 
lines on spire whorls. On later spire whorls some sec- 
ondary incised, spiral lines are introduced. All spiral 
lines cross the axial ribs. Suture not deep. Aperture 
narrow. Outer lip thickened. Sinus adjoining suture 
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g Text-figure 57.—Lepicythara terminula (Dall). USNM 97338. 
Lectotype. Caloosahatchee River, Florida. Caloosahatchee Forma- 
tion. Height 14.4 mm, width 6.2 mm. 1, front view; 2, rear view; 3, 
from right side. 
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Text-figure 56.—(Restored) height/width diagram of L. polygona. 


moderately deep. Inner surface of outer lip smooth, 
with a slight indication of a ridge parallel to the sharp 
edge of the outer lip extending from the sinus to the 
beginning of the anterior canal Columellar and parietal 


Table 12.—Measurements (in mm) of Lepicythara polygona 
(Gabb, 1873). 


1 3 
Height/ 
Restored width all x5 
Specimen height Width ratio 
PRI 28654 10.7 ae 232 Text-figure 58.—Lepicythara terminula (Dall). USNM oes 
ANSP 2916 113 aG 7 46 Paralectotype. Caloosahatchee River, Florida. Caloosahatchee For- 
a a ie d ES ati eight 15 leh iew; 2, rear view; 
ANSP 79154 91 36 253 mation. Height 15.7 mm, width 6.6 mm. 1, front view; 2, rear view 


3, from right side. 
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Text-figure 59 —Lepicythara terminula (Dall). USNM 495823 (ex 
163902). USGS Station 3300. Shell Creek, De Soto County, Florida. 
Caloosahatchee Formation. Height 16.4 mm, width 7.0 mm. 1, front 
view; 2, rear view: 3, from right side. 


calluses thin. Anterior canal straight or slightly twisted 
to the left, narrow, and moderately long. 

Lectotype.—(selected herein) USNM 97338 (Text- 
ine, Ss 

Dimensions of lectotype.—Height 14.4 mm, width 
6.2 mm. 

Type locality.—Caloosahatchee River, Florida. Ca- 
loosahatchee Formation (Plio-Pleistocene). 

Remarks.—Dall (1890, p. 38) apparently had two 
specimens available when he described L. terminula. 
He commented that the species is rare. On the label 
accompanying specimen USNM 97338 it says “‘fig- 
ured syntype’’, which is here selected as the lectotype. 
The label of specimen USNM 647034 says ““measured 
syntype’’. This specimen is the paralectotype (Text-fig. 
58). The present writer was first confused about the 
identity of these specimens until he found out that Dall 
had given the (approximate) measurements of the un- 
figured paralectotype in the original description but not 
those of the lectotype. 

Whenever preserved, the protoconch of this species 
consists of 2.5 volutions and therefore represents a 
constant feature. The last volution of the protoconch 
is sculptured by slightly opisthocline axial riblets. The 
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Text-figure 60.—Lepicythara terminula (Dall). NMB H 18117. 
NMB locality 18960: Shell Pit south of Arcadia, De Soto County, 
Florida. Caloosahatchee Formation. Height 16.6 mm, width 7.2 mm. 
1, front view; 2, rear view; 3, from right side. 


number of 17 such riblets given in the above descrip- 
tion is rarely observable due to imperfect preservation. 
On the other hand, the number of axial ribs per teleo- 
conch whorl is somewhat variable with the result that 
these axial ribs may be alined on successive whorls or 
not. 

Comparisons.—L. toroensis from the Early Pliocene 
Shark Hole Point Formation of the Valiente Peninsula 
of Panama is also a large species. L. toroensis and L. 
terminula both have 2.5 protoconch volutions. L. to- 
roensis has a larger apical angle, /.e., it is less slender 
than L. terminula. In addition, L. toroensis has more 
axial ribs on the body whorl than on early whorls, 
whereas L. terminula belongs to the group of species 
having more or less the same number of axial ribs on 
early whorls and on the body whorl. Almost the same 
can be said of L. costaricensis except that it has 2.5 
to 2.75 protoconch volutions. 

Material.—29 lots with a total of 136 specimens as 
listed below: 
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Text-figuré 61.—Lepicythara terminula (Dall). USNM 495820 (ex 163902). USGS Station 3300: Shell Creek, De Soto County Florida, 


Caloosahatchee Formation. Height 11.5 mm, width 5.3 mm. 1, front view; 


1 spec., USNM 97338: lectotype. Caloosahatchee 
River, Florida. Caloosahatchee Formation (Plio- 
Pleistocene). 

| spec., USNM 647034: paralectotype. Caloosahat- 
chee River, Florida. Caloosahatchee Formation 
(Plio-Pleistocene). 

35 spec., USNM 163902, USGS Station 3300: Shell 
Creek, DeSoto County, Florida. Caloosahatchee 
Formation (Plio-Pleistocene). 

USNM 113175: Shell Creek, De Soto 
County, Florida. Caloosahatchee Formation (Plio- 
Pleistocene). 

1 spec.. NMB locality 11187: Spoil banks, north 
side of Caloosahatchee River, 5.5 miles west of 


ee) 


spec., 


2, apical view; 3, enlargement of apical view. 


Ortona Lock, Glades County, Florida. Caloosa- 
hatchee Formation and unnamed Caloosahatchee 
mixed (Plio-Pleistocene). 

5 spec., NMB locality 18959: Quality Aggregates 
Pit, Sarasota County, Florida (27’21'N, 
82”"26'W). Pinecrest beds (Pliocene). 

4 spec., NMB locality 18960: Shell Pit south of Ar- 
cadia, DeSoto County, Florida (27"03'00"N, 
81”49'30"/W). Caloosahatchee Formation (Plio- 
Pleistocene). 

19 spec., UF 47779: Macasphalt Shell Pit (SOOO1), 
Sarasota County, Florida. Plio-Pleistocene. 

13 spec., UF 61417: Fort Basinger 02 (OB002), Okee- 
chobee County, Florida. Pinecrest beds (Pliocene). 
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Text-figure 62.—Lepicythara terminula (Dall). USNM 495821 (ex 163902) USGS Station 3300: Shell Creek, De Soto County, Florida, 
Caloosahatchee Formation. Height 16.5 mm, width 7.3 mm. 1, front view of spire whorls; 2, enlargement of apical area; 3, apical area; 4, 
enlargement of apical view. 


2 spec., UF 49149: Kissimmee River 01 (HGOO1), 2 spec., UF 11084: Macasphalt Shell Pit (SOOO1), 
Highlands County, Florida. Pinecrest beds/Caloo- Sarasota County, Florida. Plio-Pleistocene. 
sahatchee Formation (Plio-Pleistocene). 2 spec., UF 47371: Caloosahatchee Canal 06 

2 spec., UF 42662: Mule Pen (CRO04), Collier (GLO025), Glades County, Florida. Pleistocene. 
County, Florida. Pinecrest beds (Pliocene). 6 spec., UF 59983: Fort Basinger 02 (OBOO2), 

2 spec., UF 61635: Fort Basinger 01 (OBOO1), Okeechobee County, Florida. Pinecrest beds (Pli- 
Okeechobee County, Florida. Pinecrest beds (Pli- ocene). 


ocene). 1 spec., UF 62383: Fort Basinger 04 (OBOO8), 
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Text-figure 63.—Lepicythara terminula (Dall). USNM 495822 (ex 163902). USGS Station 3300: Shell Creek, De Soto County, Florida. 
Caloosahatchee Formation. Height 14.1 mm, width 5.6 mm. 1, view of spire whorls from left side; 2, enlargement of apical area; 3, apical 
view; 4, enlargement of apical view. 


Okeechobee County, Florida. Pinecrest beds (Pli- (HNOO2), Hendry County, Florida. Pinecrest beds 
ocene). (Pliocene). 

| spec., UF 61394: Fort Basinger 02 (OBOO2), 2 spec., UF 61036: Fort Basinger 01 (OBOO1), 
Okeechobee County, Florida. Pinecrest beds (Pli- Okeechobee County, Florida. Caloosahatchee 
ocene). Formation (Plio-Pleistocene). 


2 spec., UF 2835: Caloosahatchee River O1 3 spec., UF 46672: Clewiston (HNO17), Hendry 
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Text-figure 64.—(Restored) height/width diagram of L. terminula. 


i) 


County, Florida. Caloosahatchee Formation (Plio- 
Pleistocene). 

spec., UF 57865: Caloosahatchee Canal 04 
(GLOO9), Glades County, Florida. Caloosahat- 
chee/Bermont formations (Plio-Pleistocene). 
spec., UF 31933: Macasphalt Shell Pit (SOOO1). 
Sarasota County, Florida. Plio-Pleistocene. 
spec., UF 13441: Bird Road (DAOO1), Dade 
County, Florida. Pinecrest beds (Pliocene). 
spec., UF 29119: Macasphalt Shell Pit (SOOO1), 
Sarasota County, Florida. Plio-Pleistocene. 


Text-figure 65.—Lepicythara toroensis n. sp. NMB H 18143. Ho- 
lotype. NMB locality 18724; north side of Valiente Peninsula, Proy- 
ince of Bocas del Toro, Panama. Bruno Bluff. Shark Hole Point 


Formation. Height 19.3 mm, width 9.0 mm. 1, front view; 2, rear 


view; 3, from right side. 


2 spec., UF 50624: Fort Basinger 01 (OBOO1), 
Okeechobee County, Florida. Pinecrest beds (Plhi- 
ocene). 

8 spec., UF 47824: Macasphalt Shell Pit (SOOO1), 
Sarasota County, Florida. Plio-Pleistocene. 

2 spec., UF 42992: Mule Pen (CRO04), Collier 
County, Florida. Pinecrest beds (Pliocene). 

1 spec., UF 60107: Cochran Shell Pit (HNOO4), 
Hendry County, Florida. Caloosahatchee Forma- 
tion (Plio-Pleistocene). 

4 spec., UF 22190: Macasphalt Shell Pit (SOO01), 
Sarasota County, Florida. Plio-Pleistocene. 
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Table 13.—Measurements (in mm) of Lepicythara terminula Table 13.—Continued. 
(Dall, 1890). 
Height/ 
Height/ Restored width 
Restored width Specimen height Width ratio 
Specimen height Width ratio 14] 67 2.10 
USNM 97338 14.5 6.2 2.34 12.7 6.2 2.05 
USNM 647034 15:9 6.6 2.41 1223) 32. 2.37 
USNM 163902 13.6 5.8 2.34 11.8 Sys) 2723) 
UES 53 2.17 17.8 7.0 2.54 
16.5 7.3 2.26 12.7 5.6 2.27 
15.6 6.7 2233) 14.3 6.7 2.13 
17.1 6.9 2.48 14.0 6.4 2.19 
14.1 5.6 252 13.0 5.4 2.41 
16.4 7.0 2.34 : 13:3: 6.2 2.15 
14.8 6.3 2.35 17.0 7.3 2:33 
1522 6.6 2.30 17.8 eS) DSi, 
13.1 5.8 2.26 18.7 8.4 2723 
15.0 6.6 2.27 15.8 6.9 2229) 
12.2 5.6 2.18 ies} 8.3 2.33 
16.2 6.8 2.38 NES} 7.0 2.19 
18.6 Teal 2.62 13.1 6.4 2.05 
16.8 6.8 2.47 14.0 6.6 Dal: 
16.9 7.6 2.22 14.2 6.8 2.09 
13.9 6.0 232 14.5 Re 2.01 
17.9 Wel BSD 14.9 6.9 2.16 
13.5 6.1 22M 16.8 7.8 DAS 
14.9 6.1 2.44 14.8 7.0 Qalel 
14.6 6.0 2.43 13.8 6.7 2.06 
12.9 5.9 2.19 Sy 6.5 2.32 
15:3) 6.3 2.43 16.6 6.9 2.40 
13.0 55 2.36 ley? 7.2 el 
13.0 5.6 2:32 16.3 FES) Dai; 
14.0 6.2 2.26 13.8 6.1 2.26 
15.7 6.6 2.38 17.0 6.8 2.50 
16.9 6.9 2.45 16.7 6.6 293 
16.9 Wed 2.35 16.6 7.0 2.37. 
10.6 4.5 2.36 15.9 7.4 DAS 
8.6 4.1 2.10 19.4 Te 2°59 
12.2 5:3 2.30 155) 72 PIAS) 
11.1 5.0 DD, 12.5 Sy 2.19 
1527, Thal 2.21 1229 6.0 2.15 
16.6 V2: 2.31 13.5 5.8 233) 
15.9 6.7 237) 12.3 5.5 2.24 
18.3 74 2.47 12.2 5.8 2.10 
17.2 7.4 2.32 2 33 2.28 
18.5 7.6 2.43 13*5 6.3 2.14 
15.0 5.8 DESY 15.8 7.0 2.26 
14.8 6.1 2.43 14.0 6.0 2.33 
15.2 6.6 2.30 15.7 7.6 2.07 
15.9 7.0 D2, 13.9 5.9 2.36 
16.4 2 2.28 16.4 6.7 2.45 
16.4 6.8 2.41 14.9 6.8 2.19 
15.6 6.1 2.56 18.3 7.8 2.35 
NSyo7/ 6.8 2331 14.5 6.1 2.38 
14.3 6.2 D3] 17.6 8.0 2.20 
15.5 6.3 2.46 11.6 5:3. Dad) 
13.8 6.2 223 12.3 5.9 2.08 
18.1 6.8 2.66 18.2 7.6 2539) 
15.4 6.8 2.26 
16.8 7.0 2.40 
14.0 6.3 DDD. 
17.8 esl, 2-9) 
13.4 6.2 26 
2. 


16.2 TS) 16 


FossiIL LEPICYTHARA IN TROPICAL AMERICA: JUNG 61 


4 x70 
3 x35 
Text-figure 66.—Lepicythara toroensis n. sp. NMB H 18144. Paratype. NMB locality 18724: north side of Valiente Peninsula, Province of 
Bocas del Toro, Panama, Bruno Bluff, Shark Hole Point Formation. Height 5.0 mm, width 2.3 mm. 1, oblique rear view: 2, enlargement of 
apcal area; 3, apical view; 4, enlargement of apical view. 


Measurements.—(See Table 13, Text-fig. 64.) Lepicythara toroensis, new species 
Occurrence.—This species is recorded from for- Text-figures 65—66 

mations of Pliocene and Pleistocene age of southern 

Florida (for details see under **‘Material”’). : Description.—Of large size, strongly biconic and 
Distribution.—So far this species is not known from stout. Protoconch consists of 2.5 volutions. The sur- 


outside southern Florida. face of the first two and a littlke more volutions is 
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smooth, the remainder of he protoconch sculptured by 
four opisthocline to opisthocyrt axial riblets. Apex 
slightly pointed. Number of teleoconch whorls up to 
5.75; their profile is straight on early whorls with an 
angulation near the abapical suture, but slightly convex 
on later whorls. Early teleoconch whorls sculptured by 
eight to nine orthocline to slightly opisthocline axial 
ribs. The number of axial ribs per whorl gradually in- 
creases reaching twelve to thirteen on the body whorl 
The axial ribs of the first two teleoconch whorls are 
somewhat pointed at the periphery thus projecting a 
little over the abapical suture. Interspaces of axial ribs 
concave, sculptured by four to five incised, spiral lines 
on the first teleoconch whorl and increasing in number 
to eleven on the penultimate whorl There are a few 
secondary incised, spiral lines. All spiral lines cross 
the axial ribs. Suture shallow. Aperture narrow. Outer 
lip thickened. Sinus adjoining suture moderately deep. 
Inner surface of outer lip smooth, with a prominent 
ridge parallel to the sharp edge of the outer lip ex- 


tending from the sinus to the beginning of the anterior 


canal. Parietal callus somewhat thickened near sinus, 
columellar callus moderately prominent. Anterior ca- 
nal straight and short. 

Holotype.—NMB H 18143 (Text-fig. 65). 

Dimensions of holotype.—Height 19.3 mm, width 
9.0 mm. 

Type locality.—NMB locality 18724 (=PPP 2227 
north side of Valiente Peninsula, Province of Bocas 
del Toro, Panama. Bruno Bluff. Shark Hole Point For- 
mation (Early Pliocene). See Coates, 1999b, map 5, p. 
290: 1999cy section 125 p) 312: 

Remarks.—This species is based on seven speci- 
mens only. Three of them are adult, but only one—the 
holotype—has a moderately well-preserved proto- 
conch. The other four specimens are juveniles. The 
type lot of L. toroensis from NMB locality 18724 was 
collected in 1995. The lot from NMB locality 17851 
(=PPP 379) consisting of three paratypes was collected 


in 1988. Both localities are exactly the same (Coates, 
1999b, map 5, p. 290; 1999c, section 12, p. 312). The 
fossils from both were collected from a 20 cm thick 
shell bed with leached mollusks situated about 8 m 
above sea level and hence were taken from fallen 
blocks. The third lot consisting of a single paratype 
from NMB locality 17850 (=PPP 376) was collected 
about 8 m below the other two localities, i.e., at about 
sea level (Coates, 1999b, map 5, p. 290; 1999c, section 
WO SIP) 

Comparisons.—L. toroensis is the largest species 
described herein and belongs to the group of species 
having more axial ribs on the body whorl than on early 
whorls. L. disclusa is smaller than L. toroensis and has 


a smaller apical angle, i.e., it is less stout. Its proto- 
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Text-figure 67.—Lepicythara turrita (Mansfield). USNM 369984. 
Holotype. UGSG Station 3671 Hosford, Liberty County, Florida. 
Jackson Bluff Formation (Choctawhatchee Group). Height 12.2 mm, 
width 5.6 mm. 1, front view; 2, rear view; 3, from right side. 


conch consists of 2.75 to 3 volutions, whereas that of 
L. toroensis of only 2.5. The number of opisthocline 
to opisthocyrt axial riblets on the late part of the pro- 
toconch is much larger in L. disclusa. Finally the num- 
ber of axial ribs in L. disclusa is 8—9 on early teleo- 
conch whorls and 9-10 on the body whorl The cor- 
responding figures in L. toroensis are also 8—9 on early 
whorls, but 12—13 on the body whorl. 

L. heptagona is also smaller than L. torensis and 
also has a smaller apical angle and therefore is more 
slender. Its protoconch consists of 2.25 volutions, that 
of L. toroensis of 2.5. the number of opisthocline to 
opisthocyrt axial riblets on the late part of the proto- 
conch is up to eight in L. heptagona, but only up to 
four in L. toroensis. The number of axial ribs in L. 
heptagona is seven to eight on early teleoconch whorls 
and eight to nine on the body whorl, which is less than 
the corresponding numbers in L. toroensis. L. toroensis 
may also be compared with L. terminula (see p. 55 for 
more information). 

Material.—Three lots with a total of only seven 
specimens as listed below: 


| spec., NMB locality 17850 (=PPP 376): Bruno 
Bluff, outer coast of Valiente Peninsula, Bocas 
del Toro, Panama. Shark Hole Point Formation 
(Early Pliocene). Paratype. 

3 spec., NMB locality 17891 (=PPP 379): Bruno 
Bluff (as above). Shark Hole Point Formation 
(Early Pliocene). Paratypes. 

3 spec., NMB locality 18724 (=PPP 2227): Bruno 
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Text-figure 68.—Lepicythara turrita (Mansfield). USNM 495824 (ex 369986). USGS Station 3421: Harveys Creek, about half a mile above 
the abandoned mill, Leon County, Florida. Jackson Bluff Formation (Choctawhatchee Group). Height 9.7 mm, width 4.5 mm. 1, rear view; 
2, enlargement of apical area; 3, apical area; 4, enlargement of apical view. 


Bluff (as above). Shark Hole Point Formation 
(Early Pliocene). Holotype and two paratypes. 


Measurements.—(See Table 14.) 

Occurrence.—This species is recorded from the fol- 
lowing NMB localities: 17950, 17851, 18724: all Bru- 
no Bluff, outer coast of the Valiente Peninsula, Prov- 


ince of Bocas del Toro, Panama. Shark Hole Forma- 
tion (Early Pliocene). 

Distribution Not known from outside the type 
area. 

Etymology.—Refers to the geographic name of the 
Province of Bocas del Toro, Panama. 
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Text-figure 69.—Lepicythara turrita (Mansfield). UF 102876 (ex 71582). Alligator Alley (CROO7), Collier County, Florida, Pinecrest beds. 


Height 10.9 mm, width 5.0 mm. 1, rear view; 2 


Lepicythara turrita (Mansfield, 1930) 
Text-figures 67—70 


Brachycythara turrita Mansfield, 1930, p. 43, pl. 3, fig. 8. 


Description.—Of small to medium size, biconic, 
rather stout. Protoconch consists of 2.75 to 3 volutions. 
Surface of the first two volutions smooth, remainder 


2, enlargement of apical area; 3, apical area; 4, enlargement of apical view. 


of the protoconch sculptured by thirteen opisthocyrt 
axial riblets. Number of teleoconch whorls almost five, 
their profile straight on early spire whorls, convex on 
late spire whorls. On all spire whorls, there is a slight 
concavity adjoining the adapical suture. The first two 
to three teleoconch whorls may be somewhat carinated 
near the abapical suture thus overhanging it. Early te- 
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Table 14.—Measurements (in mm) of Lepicythara toroensis new 


species. 
Height/ 
Restored width 
Specimen height Width rao 
NMB locality 17850 19.6 93 2.11 
NMB locality 18724 19.5 8.9 29) 
19.3 9.0 2.14 


leoconch whorls sculptured by nine practically ortho- 
cline axial ribs, late whorls by eight. The axial ribs are 
narrow adapically and much wider abapically. Inter- 
spaces of axial ribs strongly concave, sculptured by 
three to seven incised, spiral lines on spire whorls. On 
late spiral whorls secondary incised, spiral lines are 
introduced. All spiral lines cross the axial ribs. Suture 
not deep. Aperture narrow. Outer lip thickened. Sinus 
adjoining suture moderately deep. Inner surface of out- 
er lip smooth, but with a well-developed ridge parallel 
to the sharp edge of the outer lip extending from the 
sinus to the beginning of the anterior canal. Columellar 
and parietal calluses moderately prominent. Anterior 
canal straight, moderately narrow, and short. 

Holotype.—USNM 369984 (Text-fig. 68). 

Dimensions of holotype.—Height 12.2 mm, width 
5.6 mm. 

Type locality.—USGS Station 3671: Hosford, Lib- 
erty County, Florida. Jackson Bluff Formation (Plio- 
cene). 

Remarks.—This species is described as being of 
small to medium size. Actually there is a single spec- 
imen from the Pliocene Pinecrest beds of Basinger, 
Okeechobee County (UF 48019), which has a restored 
height of 14.9 mm, and should therefore be called 
“large” according to the definition given on page 9. 
L. turrita is being described as having nine axial ribs 
on early teleoconch whorls and eight axial ribs on late 
teleoconch whorls. There are, however, a few speci- 
mens with ten axial ribs on early, and nine axial ribs 
on late teleoconch whorls. It is thus practically the 
only species having more axial ribs on early whorls 
than on the body whorl. 

In the above description, it is stated that the first 
two to three teleoconch whorls may be somewhat car- 
inated near the abapical suture. One of the figured 
specimens from the Pliocene Pinecrest beds (Text-fig. 
69.2) looks like an exception in having an almost 
straight profile without carination on early teleoconch 
whorls. Other Pliocene specimens, however, do have 
a carination near the abapical suture. 

Comparisons.—L. turrita and L. aff. turrita are the 
only species of the genus having less axial ribs on the 
body whorl than on early teleoconch whorls. Therefore 
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Text-figure 70.—(Restored) height/width diagram of L. turrita. 


they cannot really be compared to other species of Le- 
picythara. The two species are compared under L. aff. 
turrita. 

Material.—Eight lots with a total of 34 specimens 

as listed below: 

1 spec., USNM 369984: holotype; USGS Station 
3671: Hosford, Liberty County, Florida. Jackson 
Bluff Formation (Pliocene). 

12 spec., USNM 369985: paratypes; USGS Station 
3421: Harveys Creek, about half mile above the 
abandoned mill, Leon County, Florida. Jackson 
Bluff Formation (Pliocene). 

2 spec., USNM 369986: paratypes; USGS Station 
3421: Harveys Creek, approx. one half mile 
above an abandoned mill, Leon County, Florida. 
Jackson Bluff Formation (Pliocene). 

2 spec., UF 6952: Harveys Creek (LNOO3), Leon 
County, Florida. Jackson Bluff Formation (Plio- 
cene). 
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Table 15.—Measurements (in mm) of Lepicythara turrita (Mans- 
field, 1930). 


Height/ 

Restored width 

Specimen height Width ratio 
USNM 369984 125) 5.6 2.23 
USNM 369985 SHY) 4.6 PI) 
9.6 4.9 1.96 

10.1 52 1.94 

98 4.9 2.00 

10.3 Shs) 1.87 

10.3 5.6 1.84 

10.1 5.0 2.02 

10.6 5.3 2.00 

Me9, 523, DZS 

11.8 Dif) 2.07 

USNM 369986 1k9, 5.4 2.20 
9.7 4.5 2.16 

UF 6952 9.4 4.7 2.00 
12.1 6.4 1.89 

UF 71582 10.9 5:0 2.18 
Te 7; 5.8 2.02 

UF 69302 8.9 4.5 1.98 
9.0 4.9 1.84 

10.6 5.4 1.96 

10.3 5:3 1.94 

10.7 5:3 2.02 

10.8 5:5) 1.96 

10.1 5.0 2.02 

11.8 6.0 1.97 

UF 69296 9.0 5.0 1.80 
ies 6.0 1.88 

UF 48019 12:5 6.1 2.05 
14.9 Tal 2.10 


2 spec., UF 71582: Alligator Alley (CROO7), Collier 
County, Florida. Pinecrest beds (Pliocene). 

10 spec., UF 69302: Jackson Bluff (LNO04), Leon 
County, Florida. Jackson Bluff Formation (Plio- 
cene). 

3 spec., UF 69296: Jackson Bluff (LNOO4), Leon 

County, Florida. Jackson Bluff Formation (Plio- 

cene). 

spec., UF 48019: Basinger (2664), Okeechobee 

County, Florida. Pinecrest beds (Pliocene). 


ie) 


Measurements.—(See Table 15 and Text-figure 70.) 
Occurrence.—This species is recorded from the 


Jackson Bluff Formation and the Pinecrest beds of 


Florida. 
Distribution.—So far this species is not known from 
outside Florida. 


Lepicythara aff. turrita (Mansfield) 
Text-figures 71-72 
Remarks.—There are four specimens of this species 
occurring in the Late Miocene Nancy Point Formation. 
One practically complete specimen has been collected 


Text-figure 71.—Lepicythara atf. turrita (Mansfield). NMB H 
18151. NMB locality 18705: westernmost part of the south coast of 


the Valiente Peninsula, Province of Bocas del Toro, Panama. Nancy 


Point Formation. Height 17.7 mm, width 7.9 mm. 1, front view: 2, 


rear view; 3, from right side. 


at NMB locality 18705 (=PPP 2206), which is situated 
in the westernmost part of the south coast of the Va- 
liente Peninsula, Province of Bocas del Toro, Panama. 
This is the largest of all four specimens (Text-fig. 71). 

The remaining three specimens are adult and have 
been collected at two localities on Finger Island, which 
is situated west of Bluefield Bay, Valiente Peninsula, 
Bocas del Toro, Panama. One specimen was collected 
at NMB locality 17824 (=PPP 477), the other two at 
NMB locality 18375 (=PPP 1996). For the exact lo- 
cation of these localities see Coates (1999b, map 5, 
insets A and C, p. 291; 1999c, section 14, p. 318; 
1999c, section 15, p. 322). 

L. att. turrita is a large species of the genus. Its 
protoconch consists of a littke more than 2.75 volu- 
tions, the first two of which are smooth and the re- 
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Text-figure 72.—Lepicythara aff. turrita (Mansfield). NMB H 18151 (same specimen as Text-fig. 72) NMB locality 18705: westernmost 
part of the south coast of the Valiente Peninsula, Province of Bocas del Toro, Panama. Nancy Point Formation. Height 17.7 mm, width 7.9 
mm. I, rear view of spire whorls; 2, enlargement of apical area; 3, further enlargement of apical area: 4, apical view; 5, enlargement of apical 
view: 6, further enlargement of apical view. 
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Table 16.—Measurements (in mm) of Lepicythara aff. turrita (in 


mm). 
Height/ 
Restored width 
Specimen height Width ratio 
NMB locality 18705 Wied 7.9 2.24 
NMB locality 17824 14.9 7.0 213 
NMB locality 18375 14.8 7.0 Pela 
15.8 7.0 2.26 


mainder sculptured by up to fourteen opisthocline to 
opisthocyrt axial riblets. There are up to 5.25 teleo- 
conch whorls. The profile of the early teleoconch 
whorls is straight, and there is a small angulation near 
the abapical suture. The profile of the late whorls is 
slightly convex. There are eight to nine axial ribs on 
the first teleoconch whorl, but only seven on late 
whorls. The spiral sculpture of the body whorl consists 
not only of primary and secondary, but also of some 
tertiary incised lines. This species is larger than L. tu- 
rrita, and there are no tertiary spiral incised lines on 
the body whorl of L. turrita. The two species, however, 
have two important features in common; their proto- 
conchs are practically identical, and both have more 
axial ribs on early whorls than on late whorls. This 
latter feature is rare in Lepicythara, having been ob- 
served only in L. turrita and L. atf. turrita. 
Measurements.—(See Table 16.) 


Lepicythara sp. A 
Text-figure 73 
?Cythara heptagona (Gabb). Brown and Pilsbry, 1911, p. 345. 


Lepicythara heptagona (Gabb). Woodring, 1970, p. 390. pl. 60, no. 
4, pl. 64, no. 11. 


Remarks.—Woodring (1970, p. 390) recorded spec- 
imens from a number of localities within the Gatun 
Formation of Panama under the name of L. heptagona 
(Gabb). The single specimen reported by Brown and 
Pilsbry (1911, p. 345) under this name probably rep- 
resents the same species. 

Three specimens of Woodring’s material from three 
different localities are at hand. The localities are: 


1. USGS 8382: railroad cuts west of Gatun Dam, 

Canal area, 

USGS 8383: Caribbean coast, west of Rio San 

Miguel, Panama, 

3. USGS 16926: westernmost cut on Panama Rail- 
road cutoff south of Fort Davis, 1.9 km northeast 
of Gatun railroad station, Canal area. 


in) 


The specimen from USGS 8383 is a fragment and 
therefore does not provide much morphological infor- 
mation. The other two specimens are of medium size, 


Table 17.—Measurements (in mm) of Lepicythara sp. A (in mm). 


Height/ 
Restored width 
Specimen height Width ratio 
USGS 16926 12.8 5.0 2.56 
USGS 8382 12.6 3:5) 2229) 


biconic, and slender, L. heptagona from the Dominican 
Republic on the other hand is of large size, also bi- 
conic, but rather slender to moderately stout. The num- 
ber of axial ribs on early whorls is seven to eight, and 
on the body whorl eight to nine like in L. heptagona 
from the Dominican Republic. The protoconch con- 
sists of 3.25 volutions, and its apex is pointed, whereas 
the protoconch of L. heptagona trom the Dominican 
Republic only has 2.25 volutions, and its apex is not 
pointed. Surprisingly, the large PPP collections have 
yielded only a single fragmentary specimen from 
NMB locality 17641 (=PPP 223): Sabanita, Panama; 
lower Gatun Formation (Coates, 1999b, map 1, inset, 
p. 287; 1999c, section 1, p. 301). This specimen has 
an incomplete protoconch, and only a few early teleo- 
conch whorls are preserved. Based on this information 
is obvious that the Lepicythara from the Gatun For- 
mation of Panama cannot be identified as L. hepta- 
gona, but probably represents some other species. The 
existing materials, however, are considered insufficient 
for a formal description. 
Measurements.—(See Table 17.) 


Lepicythara sp. B 


Remarks.—Woodring (1970, p. 391) mentioned a 
lot from USGS Station 8477 (Rio Tuira between Li- 
mones and Rio Cube, Darien, Panama), which he iden- 
tified as L. heptagona (Gabb). This locality is part of 
the Middle Miocene Tuira Formation. The lot consists 
of four worn specimens. Three of them are fragmen- 
tary, their body whorl not being preserved. The fourth 
is an adult specimen lacking its protoconch (restored 
height 14.0 mm, width 5.7 mm, ratio 2.46). They all 
are not preserved well enough to be illustrated. These 
specimens cannot be identified as L. heptagona 
(Gabb). Two of the fragments have an apparently com- 
plete protoconch which, however, is badly preserved. 
Although not clearly recognizable, these two proto- 
conchs seem to consist of a littke more than three vo- 
lutions. The protoconch of L. heptagona trom the Do- 
minican Republic on the other hand has only 2.25 vo- 
lutions The number of axial ribs on early whorls is 
seven in the material from Darien and seven to eight 
in L. heptagona from the Dominican Republic. The 
corresponding number on the body whorl is six to sey- 
en in the material from Darien but eight to nine in L. 
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Text-figure 73.—Lepicythara sp. A. USNM 509803. USGS Station 16926: westernmost cut on Panama Railroad cutoff south of Fort Davis, 
1.9 km northeast of Gatun railroad station. Canal area. Middle part of Gatun Formation. Height 12.8 mm, width 5.0 mm. 1, rear view; 2, 
enlargement of apical area; 3, apical view; 4, enlargement of apical view: 5, further enlargement of apical view. 
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heptagona from the Dominican Republic. Due to the 
lack of more and better preserved material it is not 
possible to positively identify the Lepicythara from 
Darien. The large PPP collections at the NMB do not 
contain a single specimen of this species. 


Lepicythara sp. C 

Remarks.—There are three specimens from the Late 
Miocene Nancy Point Formation of Finger Island, west 
of Bluefied Bay, Valiente Peninsula, Province of Bocas 
del Toro, Panama, which were collected on different 
occassions and therefore carry different locality num- 
bers: NMB 17629 (=PPP 191), NMB 17824 (=PPP 
477), and NMB 18711 (=PPP 2212). For exact loca- 
tion see Coates (1999b, map 5, inset A, p. 291; 1999c, 
section 14, p. 318). 

Two of these specimens are incomplete juveniles, 
and the third is a worn adult lacking its protoconch. 
One of the juveniles has an incompletely preserved 
protoconch, which consists of abut 2.5 volutions. On 
its last part a few opisthocryt axial riblets are recog- 
nizable. The adult specimen from NMB locality 17824 
is fairly large (restored height 15.1 mm, width 7.2 mm, 
ratio 2.10). The profile of the early teleoconch whorls 
is straight, with a slight angulation near the abapical 
suture, and that of late whorls is slightly convex. The 
number of axial ribs per whorl is nine on early whorls 
and 12 on the body whorl. The preservation of this 
material is insufficient to allow meaningful compari- 
sons with described species. 


Lepicythara sp. D 
Text-figure 74 

Remarks.—A single specimen from NMB locality 
17757 (=PPP 275) is available. This locality is situ- 
ated near Punta Judas on the Pacific coast of the Prov- 
ince of Puntarenas, Costa Rica (for exact location see 
Jung 1995, p. 44, fig. 1), and the age is probably Late 
Miocene. The specimen is fairly large (restored height 
14.1 mm, width 7.4 mm, ratio 1.91) and stout, i.e., it 
has a large apical angle. Unfortunately it is worn and 
partly encrusted, so that some features cannot be ob- 
served. The protoconch is not preserved. The profile 
of the early teleoconch whorls is straight, that of late 
whorls slightly convex. The number of axial ribs per 
whorl on early whorls cannot be determined, but is 
probably eight as on the body whorl. The anterior ca- 
nal is short and slightly twisted to the left. 


Lepicythara sp. E 


Remarks.—A_ single specimen is available from 
NMB locality 19126 (=PPP 3437): Cueva de Angos- 
tura on Rio Santaigo, Borbon, northwestern Ecuador; 


all x5 


Text-figure 74.—Lepicythara sp. D. NMB H 18145. NMB locality 
17757: near Punta Judas, Pacific coast of the Province of Puntarenas, 


Costa Rica. Probably Late Miocene. Height 13.6 mm, width 7.4 mm. 


|, front view; 2, rear view; 3, from right side; 4, apical view. 


Angostura Formation (Late Miocene) (Whittaker, 
1988, p. 10). The specimen is of medium size (restored 
height 12.5 mm, width 4.9 mm, ratio 2.55) and slender. 
It is somewhat deformed, its main axis not being quite 
straight. Its dorsal side has been exposed to erosion, 
and the sculpture is therefore not preserved. The tip 
of the protoconch is missing, and the sculpture on the 
last volution of the protoconch is hardly recognizable. 
The number of teleoconch whorls is 5.25, their profile 
is straight on early whorls and slightly convex on late 
whorls. The number of axial ribs 1s seven on early 
whorls and nine on the body whorl. 
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APPENDIX I. Species excluded from Lepicythara. 


Although the species described below does not be- 
long to Lepicythara, it is briefly discussed here for the 
sake of completeness. 


Lepicythara veracruzana Perrilliat 
Text-figure 75 


1973 Lepicythara veracruzana Perrilliat. Perrilliat, p. 58, pl. 28, pp. 
13-14. 


Description.—Of small size, not biconic, slender, 
Protoconch incomplete, without recognizable axial rib- 
lets on its last part. Number of teleoconch whorls 4.25, 
their profile convex. First teleoconch whorl sculptured 
by eight, subsequent whorls by six opisthocline to op- 
sithocyrt axial ribs. The width of the axial ribs is about 
the same from suture to suture. Interspaces of axial 
ribs concave, without spiral sculpture. Suture not deep. 
Aperture -moderately narrow. Shape of outer lip not 
known. Columellar and parietal calluses not preserved. 
Anterior canal broken. 


Holotype.—USNM 647172 (Text-fig. 75). 
Dimensions of holotype.—Height 9.0 mm, width 4.0 
mm. 


Type locality.—USGS Station 9995: Santa Rosa, 
Veracruz, Mexico. For location see Perrilliat (1972, p. 
11, fig. 1). Beds of late Miocene age. For more infor- 


A= = 2 
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Text-figure 75.—Lepicythara veracruzana Perrilliat. USNM 
647172. Holotype. USGS Station 9995. Santa Rosa, Veracruz, Mex- 


ico. Beds of Late Miocene age. Height 9.0 mm, width 4.0 mm. 1, 


front view; 2, rear view. 


mation see under L. aff. heptagona, and Akers (1979, 
p. 497) and Vokes (1994, p. 138). 

Remarks.—Lepicythara veracruzana 1s based on a 
single, incomplete specimen, the holotype. The above 
description is therefore not the description of a species 
but the description of a specimen, which the present 
writer considers as undesirable to serve as type ma- 
terial. This species lacks several features characteriz- 
ing other species of the genus Lepicythara. It is not 
biconic in general shape, the last part of its protoconch 
has no recognizable axial riblets, the teleoconch 
whorls are not sculptured spirally, and the axial ribs 
of the teleoconch whorls have about the same width 
from suture to suture instead of being narrow adapi- 
cally and wider abapically. Due to the poor quality of 
preservation, it is not possible to assign it to another 
turrid genus. 

Material.—As mentioned above the holotype is the 
only available specimen. 

Measurements.—Restored height 9.7 mm, width 4.0 
mm, ratio 2.42. 

Occurrence.—Known only from USGS Station 
9995, the type locality: Santa Rosa, Veracruz, Mexico. 
Beds of Late Miocene age. See also under “type lo- 
cality”’, above. 
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Appendix I].—In the chapter “Distribution through time and space” reference was made to Jackson et al. (1999, table 3, p. 204, appendix 
1, pp. 212-213). In order to be more specific, the cited table 3 and appendix | are reproduced hereafter. 

A. List of 37 faunules (molluscan taxa from a single horizon at a single outcrop or closely grouped outcrops) and descriptive statistics used 
for the ordination analyses. Taxa are genera or subgenera. Lists of PPP numbers for each faunule are given in Appendix 3. Documentation 
for ages and depths are given in Appendix |. Estimated ages and depths placed in brackets. L = Limon Basin, B = Bocas del Toro Basin, 
NC = North Coast of Panama, C = Panama Canal Basin. 


Number Number 


of of Number 

Faunule Section Median Median  collec- speci- of Fisher’s 
number Faunule name Basin number age depth tions mens taxa alpha 
1 Swan Cay B 25 1.4 100 1 1,418 135 36.691 
2 Cemetery Pueblo Nuevo IL; 35 1.6 75 1 452 67 21.744 
3 Upper Lomas del Mar east (reef) IL, 36 1.6 WS) 12 5,986 219 44.637 
4 Empalme L 34 1.6 20 5 2,188 143 34.508 
5 Cangrejos Creek Ie; ay 1.6 200 5) 828 116 36.734 
6 Lower Lomas del Mar east (non-reef) Ib, 36 lay © 10 6,458 304 66.229 
7 Northwest Escudo de Veraguas B 10 2.0 125 4 433 49 14.206 
8 Fish Hole B 22/23 2.6 70 3 331 114 61.516 
9 Ground Creek B [2.6] [50] 2 723) 90 20.283 
10 North central Escudo de Veraguas B 10 2.8 125 8 5,019 227 48.916 
11 Rio Limoncito Ib 3.0 [30] 1 148 39 17.269 
12 Chocolate Buenos Aires 1c 33 3.1 [50] 3 1,011 45 9.657 
13 Bomba Ib, 29) 3.1 30 34 18,181 285 47.980 
14 Agua L 29 3:3 30 2 841 53 12.565 
15 Bruno Bluff B 12 BES 175 4 1,310 133 35.822 
16 Cayo Agua: west side Punta Norte B 16 35) 30 8 2S 139 31.238 
17 Quitaria L 29 3:5 30 7 12,690 179 29.508 
18 Rio Vizcaya IU; 39 35 25 7 979 47 10.296 
19 Santa Rita Ie, 32 BED: 30 2 497 81 27.462 
20 Northeast Escudo de Veraguas B 10 3.6 125 4 2,588 175 42.847 
21 Southeast Escudo de Veraguas B 1] 3.6 125 9 2,25) 166 41.888 
22 Cayo Agua: Punta Tiberon B 19 3.6 60 9 4,001 270 65.368 
23 Cayo Agua: Punta Nispero west B 19 3.6 60 6 1,339 122 32.648 
24 Cayo Agua: southeast Punta Nispero B 20 3.6 60 7 3,307 175 39.562 
25 Isla Popa B [4.3] [60] i 2,445 101 22.431 
26 Cayo Agua: Punta Norte east B 19 4.3 60 6 2,185 124 28.663 
27 Cayo Agua: Punta Piedra Roja west B 17 4.3 43 6 6,640 275 57.881 
28 Quebrada Brazo Seco It 4.8 [SO] 3 240 Si 23.632 
29 Shark Hole Point B 12 Syl 150 7 432 Sy7/ 17.586 
30 Finger Island B 14 6.9 80 3 1,817 165 44.354 
31 Rio Sand Box and Hone Creek 1b; POT Wea, 175 6 697 65 17.534 
32 Rio Tuba IL, [7.7] [175] 5 9] 40 27.279 
33 Rio Calzones NC 9 [8.3] (25] 2 185 43 18.598 
34 Miguel de la Borda NC 6 [8.3] 25 1 699 97 30.580 
35 Isla Payardi ¢€ 1 9.0 28 14 14,627 172 27.376 
36 Mattress Factory € 1 9.0 28 16 W957 236 41.677 
3y7/ Martin Luther King Jr. E 1 11.6 28 11 9,242 155 26.455 


74 BULLETIN 366 
B. Ages and paleobathymetries of faunules 
Age 
Faunule (with section #) (Ma) Depth (m) 
1. Swan Cay (#25) 1.6-1.2 80-120! 
2. Cemetery Pueblo Nuevo (#35) 1.7-1.5 50—100 
3. Upper Lomas del Mar East (reef) (#36) 1.7-1.5 50—100 
4. Empalme (#34) 1.7-1.5 10-30 
5. Cangrejos Creek (#37) 1.6-1.5 150-250 
6. Lomas del Mar East (non-reet) (#36) 1.9-1.5 50-100 
7. Northwest Escudo de Veraguas (#10) 2.1-1.9 100-150 
8. Fish Hole (#22/23) 3.0-2.2 75-100 (upper 
mudstone ) 
40-100 (lower 
reef conglomerate) 
9. Ground Creek (no section) 3.5-1.63 <50? 
10. North-central Escudo de Veraguas (#10) 3.6-1.9 100-150 
11. Rio Limoncito (no section) 6-2.4 20-40? 
12. Chocolate Buenos Aires (#33) 3.2-3.0 <50? 
13. Bomba (#29) 3.2-2.9 20-40 
14. Agua (#29) 3.6-2.9 20-40 
15. Bruno Blutf (#12) 3.6-3.3 150-200 
16. Cayo Agua: West side of Punta Norte (#16) 3:5. 20-40 
17. Quitéria (#29) 3.6-3.4 20-40 
18. Rio Vizcaya (#39) 35 <25 
19. Santa Rita (#32) 3:5) 20-40 
20. Northeast Escudo de Veraguas (#10) 3.6-3.5 100-150 
21. Southeast Escudo de Veraguas (#11) 3.6-3.5 100-150 
22. Cayo Agua: Punta Tiburon (#19) 3.6-3.5 40-80, 
23. Cayo Agua: Punta Nispero West (#19) 3.6-3.5 40-80 
24. Cayo Agua: Punta Nispero Southeast (#20) 3.6-3.5 40-80 
25. Isla Popa (no section) 5.0-3.5 <50? 
26. Cayo Agua: Punta Norte East (#19) 5.0-3.5 40-80 
27. Cayo Agua: Punta Piedra Roja West (#17) 5.0-3.5 10-75 


Abundant diagnostic taxa 


Amphistegina gibbosa, Cassidulina curvata, 
Eponides antillarum, Eponides repandus, Par- 
arotalia rosea, Planulina ariminensis var. exor- 
na, Quingqueloculina lamarckiana, Siphonina 
pulchra 

based on lithostratigraphic relation to faunule #3 

C. curvata, Elphidium discoidale, P. ariminensis 
var. exorna, Sigmoilina tenuis, Spirillina vivi- 
para 

E. discoidale, Fursenkoina pontoni, Nonionella 
atlantica,-Pararotalia magdalenensis, Sagrina 
pulchella 

Bulimina aculeata, Bulimina marginata, Cassidu- 
lina minuta, Gyroidina regularis, Planulina 
foveolata, Trifarina eximia 

based on lithostratigraphic relation to Faunule #3 

Bolivina paula, B. marginata, C. curvata, C. min- 
uta, G. regularis, Hanzawaia concentrica, Me- 
lonis barleeanum, Reussella spinulosa, S. tenu- 
is, S. pulchra, Uvigerina laevis, Uvigerina 
peregrina 

B. marginata, E. antillarum, P. ariminensis vat. 
exorna, T. eximia, U. peregrina, A. gibbosa, E. 
discoidale, E. antillarum, Nodobaculariella 
cassis, P. ariminensis var. exorna, Q. lamarcki- 
ana, S. pulchra 

estimate based on sediments and mollusks 

same as Faunule #7 

based on apparent stratigraphic relationship to 
Faunule #’s 13 and 17-19 

Based on lithostratigraphic position between reef 
trends 

Ammonia decorata, P. magdalenensis, P. sar- 
mientot, Rotorbinella umbonata, S. tenuis 

Based on stratigraphic relations to Faunule #’s 13, 
17-19 

B. marginata, C. curvata, C. minuta, C. norcrosst 
australis, T. eximia, U. peregrina. 

E. discoidale, E. antillarum, F. pontoni, H. con- 
centrica, N. cassis, N. atlantica, Quinqueloculi- 
na compta, Q. lamarckiana 

Same as Faunule #’s 13 and 19 

Ammonia becarii, A. gibbosa, Buccella hannai, N. 
atlantica, P. magdalenensis, Trifarina occiden- 
talis 

A. gibbosa, E. antillarum, Hauerina fragillissima, 
N. cassis, P. ariminensis var. exorna, R. wm- 
bonata 

Same as Faunule #7 

Same as Faunule #7 

Cassidulina subglobosa, E. discoidale, E. antillar- 
um, F. pontoni, H. concentrica, N. atlantica, P. 
ariminensis, R. spinulosa, S. tenuis 

Same as Faunule #22 

Same as Faunule #22 

Based on apparent stratigraphic equivalence and 
proximity to older Cayo Agua Fm. 

Same as Faunule #22 

A. gibbosa, Cancris sagra, E. discoidale, E. antil- 
larum, Quinqueloculina spp. 
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FossiL LEPICYTHARA IN TROPICAL AMERICA: JUNG I! 


Appendix II—Continued. 


Nn 


. Quebrada Brazo Seco (no section) 5.2-4.3 

. Shark Hole Point and top of Nancy Point (#12) 5.7-5.6 

. Finger Island (#14) 8.25.6 

. Rio Sand Box (#27) 8.7-7.2 

. Rio Tuba (no section) 8.2—7.24 

. Rio Calzones (#9) 11.2-5.3> 

. Miguel de la Borda (#6) 11.2—5.3° 

. Isla Payardi (#1) 9.4-8.6 
Mattress Factory (#1) 9.4-8.6 
Martin Luther King (#1) 11.8-11.4° 


<50? 


100—200 


60—100 


150—200 


150—200 


15—40 
15-40 


Based on stratigraphic position between reef 
tracts and Rio Banano Fm. 

Bolivina barbata, Bolivina imporcata, N. atlanti- 
ca, P. ariminensis, U. peregrina 

A. gibbosa, B. barbata, C. curvata, E. antillarum, 
H. concentrica, Hanzawaia isidroensa, Lenticu- 
lina calcar, P. ariminensis, Quinqueloculina 
seminulum, S. pulchra, U. peregrina 

B. imporcata, Bolivina lowmani, Bolivina mexi- 
cana, C. minuta, N. atlantica, P. magdalenen- 
sis, R. umbonata 

Assumed equivalent to Faunule #31 based on ap- 
parent stratigraphic position 

Assumed equivalent to Faunule #34 


A. beccarii, Bolivina merecuani, Bolivina vaugh- 
ani, B. hannai, P. magdalenensis, R. spinulosa, 
R. umbonata 

same as Faunule #35 

same as Faunule #35 


' We used the maximum rather than the median depth because the sediments are a reef talus slump deposit. 


* Assumed Late Pliocene age based on inferred stratigraphic position. 


* Assumed equivalent to older Cayo Agua Fm. 
+ Assumed equivalent to nearby Rio Sandbox. 
* Assumed Late Miocene. 
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ABSTRACT 


The Paleocene (Danian) molluscan fauna of the Lépez de Bertodano and Sobral formations of Seymour Island, Antarctic 
Peninsula, is the only shelf fauna of this age from the continent of Antarctica and provides the critical insight into the emergence 
of marine faunas of the Southern Hemisphere following the mass extinction at the end of the Cretaceous. The Danian molluscan 
fauna on Seymour Island consists of 58 species of which 40 are new. 

Bivalves are represented by 20 species from the Lopez de Bertodano Formation unit 10 and the Sobral Formation. Newly 
recognized taxa in the Antarctic Danian include: Nucula sp., Nuculana antarctirostrata n. sp., Ledina? sp., Jupiteria? sp., 
Saxolucina antarctipleura n. sp., Thyasira austrosulca n. sp. and Periploma? sp. 

The gastropod component of the Danian molluscan fauna of Antarctica is by far the most diverse, with 37 species recorded, 
of which the following 30 are newly described: Conotomaria sp. A, Conotomaria sp. B, Conotomaria sp. C, Acmaea submesidia 
n. sp., Bittium (Bittiwn?) paleonotum n. sp., Bittium (Zebittium?) brooksi n. sp., Turritella (Haustator?) parisi n. sp., Mesalia 
virginiae n. sp., Struthiochenopus hurleyi n. sp., Antarctodarwinella austerocallosa n. sp., Amauropsis notoleptos Nn. sp.. Euspira 
antarctidia n. sp., Antarctiranella tessela n. gen. n. sp., Melanella seymourensis n. sp., Heteroterma? n. sp., Pyropsis? australis 
n. sp., Colus delrioae n. sp., Pseudofax? paucus n. sp., Levifusus woolfei n. sp., Probuccinum palaiocostatum n. sp., Serrifusus 
binodosum n. sp., Sycostoma pyrinota n. sp., Strepsidura? polaris n. sp., Paleopsephaea? nodoprosta n. sp., Taioma sobrali n. 
sp.. Zygomelon apheles n. sp., Mitra (Ewmitra?) antarctmella n. sp., Marshallaria variegata n. sp., Cosmasyrinx (Tholitoma) 
antarctigera n. sp., and Cylichnania? cf. C. impar Finlay and Marwick, 1937. These gastropods occupied various niches in 
temperate shallow shelf environments and are represented by only a few individuals at any given locality. The Danian gastropod 
fauna of Seymour Island is dominated by carnivores (c. 60%) with epifaunal grazers (c. 17%), deposit feeders (c. 13%), epifaunal 
browsers (c. 7%), and a single ectoparasite (c. 3%) composing the remainder of the fauna. 

The fauna extends the geologic range of many groups with several crossing the K-T boundary extinction event. Species-level 
survivorship is relatively high at 39%. Five gastropod genera (Antarctodarwinella, Antarctiranella n. gen., Probuccinum, Sey- 
mourosphaera, and Struthiochenopus) are endemic to Seymour Island. All species reported from the Danian of Seymour Island 
are endemic, pointing to a strong degree of provincialism and isolation of the fauna from coeval forms in the Southern Hemi- 
sphere. These new data suggest that the molluscan faunas of Antarctica belonged to a distinct biotic province by Danian time. 


INTRODUCTION 


Paleocene molluscan faunas are rare in the Southern 
Hemisphere fossil record, and those from the earliest 
Paleocene (early Danian) are particularly important, in 
that they provide data on the early biotic recovery and 
repopulation phase following the Cretaceous-Tertiary 
(K-T) boundary extinction event. Paleocene faunas are 
characterized by complex evolutionary histories fol- 
lowing the end-Cretaceous event. The survivors of the 
K-T event and also the appearance of new groups and 
migrants in the Danian not only herald the beginnings 
of the modern biota, but further mark the initial re- 
covery and radiation phase immediately following the 
extinction interval. Few diverse Paleocene molluscan 


faunas have been recorded in the Southern Hemi- 
sphere, and of these faunas, the shallow-marine suc- 
cession on Seymour Island, Antarctic Peninsula (Text- 
fig. 1) represents the only well-preserved molluscan 
record across the K-T interval and into the early Pa- 
leocene (Danian). The Seymour Island sequence pre- 
serves an important record of the composition of Dan- 
ian Mollusca, which is providing exciting new data on 
the extent of the extinction event in the high southern 
latitudes and also the complex processes of biotic re- 
covery. These records document changing environ- 
mental conditions relating to the final breakup of 
Gondwana, lowering sea-surface temperatures, the 
K/T extinction event, and the refilling of vacant eco- 
space with opportunistic and migrant groups of mol- 
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Text-figure 1.—Index map showing Seymour Island located on the northeast tip of the Antarctic Peninsula. 


lusks following the impact event at the end of the Cre- 
taceous. 

Most previous work on Antarctic Paleogene mol- 
lusks has focused on the highly diverse Eocene assem- 
blages of the La Meseta Formation of Seymour and 
Cockburn islands (see Wilckens, 1911; Zinsmeister, 
1984; Stilwell and Zinsmeister, 1992; Stilwell and Ga- 
Zdzicki, 1998; Stilwell, 2003a) and those taxa recov- 
ered from Eocene erratics of the McMurdo Sound re- 
gion of East Antarctica (Stilwell, 2000; Stilwell and 
Zinsmeister, 2000). Stilwell and Zinsmeister (1992) 
recognized 170 species of Eocene Antarctic mollusks, 
collected from a spectrum of environmental settings 
spanning barrier islands to nearshore tidal and wave- 
dominated environments. At least 10 species remain 
undescribed (JDS, personal observation). Stilwell 
(2000) recently described 65 species from McMurdo 
Sound glacial deposits in nearshore shelf settings and 
facies. Of these, at least 22 species of mollusks, a sin- 
gle brachiopod, and a shark were found to be common 
to both the Antarctic Peninsula and East Antarctica. 
The discovery of a significant number of taxa common 
to both regions indicates unequivocal marine links dur- 
ing the Eocene and circum-Antarctic circulation (Stil- 
well and Zinsmeister, 2000). These authors concluded 
that the East Antarctic sea-surface temperatures during 
the Eocene may have been temperate, based on the 
composition of characteristic warmer water taxa and 


the marked percentages of characteristic Indo-Pacific/ 
Tethyan and cosmopolitan genera and subgenera in the 
fauna. Further, approximately 11% of the 136 mollusk 
genera and subgenera and all of the species recorded 
from the Eocene of Antarctica are endemic, indicating 
that the continent belonged to a distinct biotic province 
by this time. The strong endemicity of the fauna sug- 
gests that the isolation of Antarctica commenced by 
the early Paleocene. 

To date four taxonomic papers have been published 
on Antarctic Paleocene mollusks; these include a sca- 
phopod Eodentalium grandis Medina and del Valle, 
1985, from the Sobral Formation; bivalves from the 
Lopez de Bertodano and Sobral formations (Zinsmeis- 
ter and Macellari, 1988); one species of aporrhaid gas- 
tropod, Struthiochenopus hurleyi n. sp. (= S. norden- 
skjoldi (Wilckens, 1910)), originally thought to be re- 
stricted to the latest Cretaceous but now known to span 
the K-T boundary into the Danian interval on Seymour 
Island (Zinsmeister and Griffin, 1995); and a new ge- 
nus of probable pseudolivine gastropod, Seymouros- 
phaera, represented by four species (Oleinik and Zins- 
meister, 1996) in the Danian. These studies reveal that 
a rich, shallow-marine fauna existed during the early 
Paleocene along the Antarctic Peninsula. This research 
not only provides additional insight into the immediate 
post K-T boundary radiation of marine mollusks in 
Antarctica and globally, but further, yields exceptional 
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new data on the patterns of biotic recovery of post K- 
T extinction faunas in the high southern latitudes. 


PALEOCENE STRATIGRAPHY 


Seymour Island contains the most complete, well- 
exposed section of Upper Cretaceous to lower Tertiary 
rocks in the Southern Hemisphere and is composed of 
highly fossiliferous marine sandstones and siltstones 
reflecting a spectrum of environments along the shal- 
low- to mid-shelf. The sequence is exposed over the 
southern two-thirds of the island, an area of approxi- 
mately 70 km?*. The extensive exposures of these rocks 
include one of the best K-T boundary sections in the 
world, which is providing an important opportunity to 
examine in detail the events at the close of the Cre- 
taceous, not only in a temporal context, but spatially 
as well (see Zinsmeister, 1998a). 

Upper Cretaceous and lower Paleocene strata on 
Seymour Island consist of approximately 1600 m of 
homoclinal, gently eastward-dipping, mid-shelf clastic 
to inner shelf concretionary siltstones and silty sand- 
stones, comprising strata of gray to tan fine-grained 
sandstone and sandy siltstone of the Lopez de Berto- 
dano and Sobral formations (Zinsmeister, 1998a). The 
Lopez de Bertodano Formation ranges in age from late 
Maastrichtian to Danian, and the Sobral Formation is 
of Danian age. Faunal diversity is relatively high with 
an admirable record of mollusks, corals, brachiopods, 
annelids, decapods, echinoderms, and marine reptiles. 
Substantial tree fragments up to | m in diameter are 
abundant at various levels in the succession. Sedimen- 
tological evidence, such as extensive bioturbation in 
the strata and the absence of primary sedimentological 
structures, suggests that deposition was, in all likeli- 
hood, mid-shelf below effective wave base (Macellari 
and Zinsmeister, 1983; Macellari, 1988; Oleinik and 
Zinsmeister, 1996). 

The K-T boundary interval is located at the base of 
a glauconitic unit referred to as the ““K-T Glauconite”’ 
and crops out in a snake-like pattern along strike for 
approximately 7 km forming a belt about 2 km wide. 
No K-T boundary section in the Northern or elsewhere 
in the Southern Hemisphere has aerial exposures that 
approach those on Seymour Island. The K-T Glauco- 
nite consists of three lithologic units: Lower Glauco- 
nite with iridium anomaly (O—1.5 m), Fish Bone Layer 
(2-3 m), and Upper Glauconite (O—0.1 m) (Zinsmeis- 
ter, 1998a). Precise dating of events through the ex- 
tinction-survival-recovery interval on Seymour Island 
is limited by the absence of calcareous nannoplankton 
and planktic foraminifera in some horizons. 

Work by Huber (1988) suggested that the last Cre- 
taceous planktic foraminifera are recovered from an 
interval 1 to 4 m below the glauconite bed and that 


the first Danian species of planktic forms are recog- 
nized | m below the contact between the Lopez de 
Bertodano and Sobral formations approximately 45 m 
above the K-T boundary. This places the contact be- 
tween these formations with the API Foraminiferal 
Zone. Huber (1988) referred to this gap in the presence 
of planktic microfossils as the “‘dissolution’’ zone re- 
sulting from the perturbation of the sea chemistry fol- 
lowing the K-T boundary event. The ubiquitous pres- 
ence of well-preserved macrofossil assemblages 
throughout the K-T boundary section indicates that 
whatever processes dictated the presence or preserva- 
tion of calcareous plankton did not affect calcareous 
macrofossils such as mollusks. The K-T boundary is 
pinned to the Lower Glauconite based on the presence 
of the iridium anomaly at the base of the ““K-T Glau- 
conite” (Elliot et al., 1994). The extinction-survival- 
recovery phases succeeding the boundary event on 
Seymour Island span the approximately 90-m interval 
of Unit 10 of the Lopez de Bertodano Formation and 
the lower two units of the Sobral Formation (see Text- 
fig. 3). 

Analysis of the geological range data of species re- 
covered from the K-T boundary interval on Seymour 
Island (Text-fig. 2) reveals that at least 20 species 
(55%) disappeared through a 16-m interval below the 
K-T boundary (Zinsmeister, 1998a). Two extinction 
steps occur 1.5 m and 1 m below the Lower Glauco- 
nite. Two species (6%) last occur in the “K-T Glau- 
conite’” and 14 (39%) Maastrichtian species pass 
through the boundary event into the Danian. The Low- 
er Glauconite is interpreted to represent the boundary 
event with the extinction interval commencing | m 
below, following the study by Kauffman and Harries 
(1996) on biotic recovery. The survival interval is rep- 
resented in the Fish Bone Layer and the recovery in- 
terval occurs in the Upper Glauconite. Some 11 spe- 
cies of mollusks are present in the ““K-T Glauconite,” 
6 species in the Lower Glauconite, 6 in the Fish Layer 
and 8 in the Upper Glauconite (WJZ and JDS). Only 
two species, bivalves Panopea clausa and Seymour- 
tula antarctica, become extinct within this interval. 
These bivalves were probably suspension feeders, 
which were especially hard hit during the K-T bound- 
ary event with the significant reduction in primary pro- 
duction at the boundary (Rhodes and Thayer, 1991; 
Hansen et al., 1993; Sheehan er al., 1996). The Fish 
Bone Layer (see Zinsmeister, 1998a) is believed to 
represent the “‘crisis zone’ immediately following the 
boundary event. The significant occurrence of fish de- 
bris over an interval of ~2 to 3 m indicates multiple 
local kill events, which suggests that the Fish Bone 
Layer represents an interval of unstable conditions fol- 
lowing the extinction event. 
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Text-figure 2.—Distribution of latest Maastrichtian and Danian mollusks between 900 m and 1200 m of the Lopez de Bertodano and Sobral 
formations. Data obtained from 327 localities from ~70 km? on the southern two thirds of the island in addition to 25 limited measured 
sections (see Zinsmeister (1998a) for discussion of data from these limited measured sections). Stratigraphic occurrence of each taxon was 
determined using Stratigraphic Plane analysis (Zinsmeister, 2001). Dates highlighted in figure were determined by McArthur er al. (1998). The 
expanded box shows the K/T boundary (1054 m); Fish Bone Layer; first appearance of opportunistic Lahillia larseni and Struthiochenopus 
hurleyi floods (64.981 ma); A, first appearance of crisis progenitor species Struthiochenopus hurleyi, B, first appearance of northern refugia 
species (Seymourosphaera spp.) from Southern South America and cosmopolitan immigrants; C, first occurrence of western refugia immigrant 
species (Antarctodarwinella austerocallosa n. sp.); and D, diversity of Danian molluscan assemblage reaches pre-extinction diversity (64.701 
ma). Ages of opportunistic floods and diversity based on strontium isotope profile (McArthur er al., 1998). Taxa in figure—l. Entolium 
seymourensis, 2. Nekewis n. sp.; 3. Nordenskjoldea nordenskjoldi; 4. Austrocucullaea oliveroi, 5. Pulvinites antarcticus; 6. Dozyia dryalskiana; 

“Buccinum” n. sp. A; 8. Modiolus pontotocensis; 9. Thyasira towsendi; 10. Lucina scotti 11. Solemya rossiana; 12. Seymourtula antarctica; 
13. Vanikoropsis n. sp.; 14. Buccinum n. sp. B; 15. Pycnodonte seymourensis; 16. Anagaudryceras seymourensis; 17. Perotrochus larseniana; 
2. Pseudophyllites loryi;, 23. Zelandites 
varuna, 24. Diplomoceras maximum, 25. Austroaporrhais larsent; 26. Kitchinites laurae, 27. Taioma paviasela 28. Grossouverites gem- 
“Cassidaria” mirabilis; 


18. “Fusus” philippiana; 19. Pachydiscus ultimus, 20. Eselaevitrigonia regina; 21. Amauropsis n. sp.; 2 


matus; 29. Goniomya pens 30. Pyenodonte vesiculosa; 31. Cucullaea antarctica; 32. Amberleya spinigera; 33. 
34. Oistotrigonia pygocelium; 35. Cimomia sp.; 36. Maorites densicostatus, 37. Cyclorisma chaneyi, 38. Panopea clausa; 39. Pinna freneixae; 
40. Lahillia larseni; 41. Vanikoropsis arktowskiana; 42. Mesalia virginiae n. sp.; 43. Acesta webbi; 44. Cosmasyrinx (Tholitoma) antarctigera 
n. sp.; 45. Cucullaea ellioti, 46. Nucula (Leionucula) suboblonga, 47. Marwickia woodburnei; 48. Struthiochenopus hurleyi; 49. Ostrea sp.; 
50. Seymourosphaera elevata, 51. Seymourosphaera bulloides, 52. Seymourosphaera subglobosa;, 53. Euspira antarctidia n. sp.; 54. Acmaea 
58. Conotomaria sp. B; 59. 
Conotomaria sp. C; 60. Saxolucina antarctipleura n. sp.; 61. Antarctodarwinella austerocallosa n. sp., 62. Periploma? sp.; 63. Seymouros- 
phaera depressa, 64. Levifusus woolfei n. sp., 65. Pseudofax? paucus n. sp.; 66. Colus delrioae n. sp.; 67. Sycostoma pyrinota n. sp.; 68. 


submesidia n. sp.: 55. Bittium (Bittium?) paleonotum n. sp.; 56. Australoneilo casei; 57. Conotomaria sp A. 


Thyasira austrosulca n. sp.; 69. Nuculana antarctirostrata n. sp. Stratigraphic ranges based on regional dip of 7.4°. 


The contact between the Lopez de Bertodano unit 
10 and the Sobral Formation is marked by a discon- 
tinuity. The relief along the discontinuity may be as 
much as 50 m. Phosphatic nodules, many with fossil 
cores and corroded concretions, occur along the dis- 
continuity. The discontinuity appears to represent a 
short period of scouring along storm weather wave 
base which may have been associated with the first 
drop in sea level during the earliest Danian. The ab- 
sence of any significant changes in the composition in 
the benthic fauna suggests that the disconformity does 
not represent a significant gap in time within the se- 
quence. 


PALEOECOLOGY 


Little has been published on the paleoecology of Ter- 
tiary Antarctic bivalves, apart from a few works dealing 
with life habits and environmental settings of Eocene 
mollusks of the La Meseta Formation of Seymour and 
Cockburn islands, Antarctic Peninsula, and McMurdo 
Sound, East Antarctica (Stilwell and Zinsmeister, 1992; 
Stilwell, 2000); and also Pliocene deposits (Jonkers, 
1998a, b, 1999). These assemblages of mollusks were 
derived from a spectrum of environments along the up- 
per shelf ranging from beach to tidal-dominated near- 
shore facies. Paleocene mollusks of Antarctica lived in 
temperate sandy, shallow- to middle-shelf environ- 
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Text-figure 3.—Stratigraphic distribution and feeding strategies of Danian bivalves from the Lopez de Bertodano and Sobral formations, 
with inferred life habits. Symbols: open square, suspension feeders; solid square, infaunal byssate; cross, epifaunal sessile; solid diamond, 
deposit feeder; open triangle, shallow infaunal. Acronyms: SE, suspension feeder; DI, deep infaunal; IB, infaunal byssate; SI, shallow infaunal; 
ES, epifaunal sessile; DE deposit feeder. 1, Panopea clausa (SF-DI); 2, Pinna freneixae (SF-IB); 3, Lahillia larseni (SF-SI); 4, Acesta webbi, 
(SF-ES); 5, Nucula (Leionucula) suboblonga (DF-SI); 6, Cucullaea ellioti (SF-S1); 7, Marwickia woodburnei (SF-SI); 8, Saxolucina antarc- 
tipleura n. sp. (SF-SI); 9, Ostrea sp. (SF-ES); 10, Jupiteria? n. sp. (DF-SI); 11, Ledina? n. sp. (DF-SI); 12, Nucula (Leionucula) hunickeni 
(DF-IS); 13, Periploma? n. sp. (SF-DI); 14, Thyasira austrosulca n. sp. (SF-SI); 15, Nucula sp. (DF-SI); 16, Australoneilo gracilis (DF-SD; 
17, Lahillia huberi (SF-S1); 18, Australoneilo casei (DF-S1); 19, Nuculana antarctirostrata n. sp. (DF-SI). 


ments. See Text-figures 3 and 4 for the stratigraphic 
distribution of primary feeding strategies for the Danian 
bivalves and gastropods from the Lopez de Bertodano 
unit 10 and the Sobral Formation. 

The Paleocene gastropods from the upper units of 
the Lopez de Bertodano Formation and the Sobral For- 
mation were derived from predominantly sandy, shal- 
low- to middle-shelf environments in temperate coastal 
waters of normal salinity. Mollusks generally occur in 
isolated local shell concentrations throughout the Dan- 
ian part of the sequence, the only exception being the 
floods of opportunistic species, chiefly Lahillia larseni 
and Struthiochenopus hurleyi n. sp. immediately above 
the K-T Glauconite at the base of unit 10. 

In descending order of species-level diversity and 
importance, suspension feeders dominate the bivalve 
fauna with 55% of the assemblage belonging to this 
category, followed by 45% of deposit feeders. Most of 
the suspension feeders are shallow infaunal forms at- 
tributed to the Cucullaeidae, Lucinidae, Thyasiridae, 
Cardiidae, Veneridae, and Periplomatidae (see Table 
1). The diversity and abundance of epifaunal bivalves 


are surprisingly rare during the Danian. The occur- 
rence of an undescribed species of Ostrea is restricted 
to the individuals associated with small biohermal con- 
centrations of branching corals that are limited to im- 
mediately above the disconformity between unit 10 
and the Sobral Formation. Epibyssate suspension feed- 
ers are rare and include the rare species, Acesta webbi 
Zinsmeister and Macellari, 1988 (Limidae). Equally 
uncommon are byssate representatives such as Pinna 
freneixae Zinsmeister and Macellari, 1988, and Sey- 
mourtula antartica (Wilckens, 1910). Deposit feeders 
are members of Nuculidae, Nuculanidae and Mallet- 
tiidae, and are infaunal burrowers. This is consistent 
with the idea that epifaunal suspension feeders were 
particularly affected by the phytoplankton crash or the 
significant drop in primary production at the K-T 
boundary, leading to the demise of many suspension- 
feeding groups, compared with deposit feeders (see 
Rhodes and Thayer, 1991; Hansen er al., 1993; Shee- 
han et al., 1996). In the Southern Hemisphere, this 
pattern of selective extinction is corroborated in the K- 
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Text-figure 4.—Stratigraphic distribution and feeding strategies of Paleocene gastropods from the Lopez de Bertodano and Sobral formations. 
Symbols (and acronyms): open square, carnivore (C); open diamond, deposit feeder (DF); open triangle, epifaunal grazer (G); solid circle, 
ectoparasite (EP). 1, Vanikoropsis arktowskiana (Wilckens, 1910) (C); 2, Struthiochenopus hurleyi n. sp. (DF); 3, Conotomaria n. sp. C (EG); 
4, Amauropsis notoleptos n. sp. (C); 5, Mesalia virginiae n. sp. (DF); 6, Seymourosphaera bulloides Oleinik & Zinsmeister, 1996 (C); 7, 
Acmaea submesidia n. sp. (EG); 8, Turritella (Haustator?) parisi n. sp. (DF); 9, Seymourosphaera elevata Oleinik & Zinsmeister, 1996, (C); 
10, Cosmasyrinx (Tholitoma) antarctigera n. sp. (C); 11, Cylichnania cf. C. impar Finlay and Marwick, 1937, (C); 12, Euspira antarctidia n. 
sp. (C); 13, Melanella seymourensis n. sp. (EG); 14, Bittium (Zebittium) brooksi n. sp. (EG); 15, Bittium (Bittium?) paleonotum n. sp. (EG); 
16, Conotomaria sp. A (EG); 17, Taioma sobrali n. sp. (C); 18, Marshallaria variegata n. sp. (C); 19, Antarctiranella tessela n. gen. n. sp. 
(C); 20, Levifusus woolfei n. sp. (C); 21, Seymourosphaera subglobosa Oleinik & Zinsmeister, 1996, (C); 22, Zygomelon apheles n. sp. (C); 
23, Paleopsephaea? nodoprosta n. sp. (C); 24, Probuccinum palaiocostatum n. sp. (C); 25, Serrifusus binodosum n. sp. (C); 26, Colus delrioae 
n. sp. (C); 27, Pseudofax? paucus n. sp. (C); 28, Antarctodarwinella austerocallosa n. sp. (EG); 29, Conotomaria sp. B (EG); 30, Seymou- 
rosphaera depressa Oleinik & Zinsmeister, 1996 (C); 31, Sycostoma pyrinota n. sp. (C); 32, Heteroterma? n. sp. (C); 33, Pyropsis? australis? 


n. sp. (C). 
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T boundary and early Paleocene molluscan faunas of 
Antarctica and also New Zealand (see Stilwell, 1994). 

No bivalves are particularly abundant at any locality 
apart from a flood of the presumed opportunistic bi- 
valve Lahillia larseni (Sharman and Newton, 1897) in 
the early Danian. Lahillia larseni extends in the strati- 
graphic record from the late Maastrichtian across the 
K-T boundary into the Danian on Seymour Island, and 
although it is a relatively common member of the 
Maastrichtian benthic community, the bivalve is usu- 
ally represented by fewer than five individuals at any 
given locality. In the Upper Glauconite on Seymour 
Island, L. larseni is locally abundant, occurring in 


floods of thousands of individuals. Although the num- 
ber of individuals of L. /arseni decreases dramatically 
above the Upper Glauconite, the species continues to 
be a prominent member of the Danian benthic com- 
munity remaining. Only general comments about the 
Antarctic bivalve community can be made here, as it 
is a rather depauperate assemblage of only 18 species, 
and most of these species are generally represented by 
a few specimens of variable preservation. The number 
of articulated specimens of these bivalves is relatively 
high, suggesting that the environments in which they 
lived were below fair-weather wave base. Indeed, the 
absence of shallow-water sedimentary structures in 
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Table 1.—Systematic checklist of Paleocene bivalves from the 
L6pez de Bertodano and Sobral formations, Seymour Island, Ant- 
arctic Peninsula, with inferred life habits. Identifications by J. D. 
Stilwell and W. J. Zinsmeister. Acronyms used: DF, deposit feeder; 
IB, infaunal byssate; SF, suspension feeder; NS/, nonsiphonate in- 
faunal; BY, byssate: EB, epifaunal byssate; S/, siphonate infaunal. 


Inferred 
Life 
Bivalvia Habits 
Nuculidae 
Nucula sp. DF-IB 


Nucula (Leionucula) suboblonga (Wilckens, 1905) = DF-IB 
Nucula (Leionucula) hunickeni Zinsmeister and 


Macellari, 1988 DF-IB 

Nuculanidae 

Nuculana antarctirostrata n. sp. DF-IB 

Ledina? sp. DF-IB 

Jupiteria? sp. DF-IB 
Malletiidae 

Australoneilo gracilis (Wilckens, 1905) DF-IB 

Australoneilo casei Zinsmeister and Macellari, 

1988 DF-IB 

Cucullaeidae 

Cucullaea ellioti Zinsmeister and Macellari, 1988 — SF-NSI 
Pinnidae 

Pinna freneixae Zinsmeister and Macellari, 1988 SF-NSI-BY 
Limidae 

Acesta webbi Zinsmeister and Macellari, 1988 SF-EB 

Seymourtula antarctica (Wilckens, 1910) SF-EB 
Ostreidae 

Ostrea sp. SF-ES 
Lucinidae 

Saxolucina antarctipleura n. sp. SF-SI 
Thyasiridae 

Thyasira austrosulca n. sp. SF-SI 
Cardiidae 

Lahillia larseni (Sharman and Newton, 1897) SF-SI 

Lahillia huberi Zinsmeister and Macellari, 1988 SF-SI 
Veneridae 

Marwickia woodburnei Zinsmeister and Macellari, 

1988 SF-SI 
Panopea clausa Wilckens, 1910 SF-SI 
Cyclorisma chaneyi Zinsmeister and Macellari, 

1988 SF-SI 

Periplomatidae 
Periploma? n. sp. SF-SI 


Unit 10 of the Lopez de Bertodano Formation and the 
Sobral Formation corroborates this observation. 

The Paleocene gastropods from the Lopez de Ber- 
todano and Sobral formations (Table 2) were derived 
from predominantly sandy, shallow- to middle-shelf 
environments in temperate coastal waters of normal 
salinity. In descending order of species-level diversity 
and importance, the gastropod fauna encompasses five 
general groupings: carnivores, epifaunal grazers, de- 


posit feeders, epifaunal browsers, and a single ecto- 
parasite. It is difficult to ascertain from the fossil re- 
cord if some of these taxa were predominantly epifau- 
nal or infaunal forms or at specific times during their 
life cycle could inhabit both realms (e.g., Naticidae, 
Cerithiidae, Struthiolariidae). The carnivores dominat- 
ed the Paleocene Antarctic shelf environments with 
just over 60% of recorded gastropod species belonging 
to this category. These families include the Naticidae, 
Tudiclidae, Buccinidae, Fasciolariidae, Volutidae, Mi- 
tridae, Turridae, and Cylichnidae. Most of these taxa 
are considered to be epifaunal mobile taxa, apart from 
the volutes and naticids, which could have been either 
infaunal or epifaunal comparable to Recent forms. 
Carnivores apparently dominated the immediate, post 
K-T boundary shelf environments, and were opportu- 
nistic, rapidly evolving species of so-called ““bloom 
families” (sensu Hansen, 1988) that flourished in Pa- 
leocene marine environments. Epifaunal grazers such 
as the pleurotomariids and the single acmaeid make up 
17% of the gastropod fauna, although it is possible that 
some pleurotomariids were either unspecialized om- 
nivores or carnivores (see notes by Darragh and Ken- 
drick, 1994, p. 5). Deposit feeders were a significant 
element in the Antarctic Paleocene community, but 
still represent only about 7% of the total species-level 
diversity; these include members of the Aporrhaidae 
and Struthiolariidae. Epifaunal browsers that fed large- 
ly on detritus make up a small proportion of the fauna 
at only 7% and these include cerithiids of the Bittium 
group. Turritellids are largely suspension feeders (AII- 
mon, 1988), and make up about 6% of the species 
total. Melanella was in all likelihood an ectoparasite 
that lived on echinoderms, consistent with most living 
forms, and makes up the smallest category of Antarctic 
Paleocene gastropods at only 3% of the total. None of 
the recorded gastropods from the Lopez de Bertodano 
and Sobral formations are particularly abundant at any 
locality, except for Struthiochenopus hurleyi n. sp. and 
Bittium (Zebittium) brooksi n. sp. S. hurleyi n. sp be- 
comes locally abundant immediately above the upper 
glauconite horizon. Its abundance in association with 
the Lahillia floods suggests that it is one of the op- 
portunistic species which appear in great number fol- 
lowing the boundary event. Throughout the rest of the 
Lopez de Bertodano and Sobral formations S. hurley 
n. sp. is locally abundant. B. (Z.) brooksi forms local 
nearly monotypic concentrations at several localities in 
the lower 50 m with its first appearance in the Fish 
Bone Horizon. This overall rarity and rather low spe- 
cies-level diversity of gastropods attests to the signif- 
icant impact of the K-T boundary event and is a re- 
flection of the decimation and general low diversity of 
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Table 2.—Systematic checklist of Paleocene gastropods from the 
Lopez de Bertodano and Sobral formations, Seymour Island, Ant- 
arctic Peninsula, with inferred life habits. Identifications by J.D. Stil- 
well and A.E. Oleinik. Acronyms used: DF, deposit feeder; SE sus- 
pension feeder; C, carnivore; EB, epifaunal browser; EG, epifaunal 
grazer; EP, ectoparasite; E/I, epifaunal/infaunal; EM, epifaunal mo- 
bile. 


Inferred 
Life 
Gastropoda Habits 
Pleurotomariidae 
Conotomaria sp. A EG-C? 
Conotomaria sp. B EG-C? 
Conotomaria sp. C EG-C? 
Acmaeidae 
Acmaea submesidia n. sp. EG 
Cerithiidae 
Bittium (Bittium?) paleonotum n. sp. E?B 
Bittium (Zebittium) brooksi n. sp. E?B 
Turritellidae 
Turritella (Haustator?) parisi n. sp. SF-E/I 
Mesalia virginiae n. sp. SF?-E/1? 
Aporrhaidae 
Struthiochenopus hurleyi n. sp. DF 
Struthiolariidae 
Antarctodarwinella austerocallosa n. sp. DF-E?/1? 
Vanikoridae 
Vanikoropsis arktowskiana (Wilckens, 1910) 1?/E?-C 
Naticidae 
Amauropsis notoleptos n. sp. C-E?/1? 
Euspira antarctidia n. sp. C-E?/I? 
Ranellidae 
Antarctiranella tessela n. gen. n. sp. C-EM 
Eulimidae 
Melanella seymourensis n. sp. EP 
Tudiclidae 
Heteroterma? n. sp. C-EM 
Pyropsis? australis n. sp. C-EM 
Buccinidae 
Colus delrioae n. sp. C-EM 
Pseudofax? paucus n. sp. C-EM 
Levifusus woolfei n. sp. C-EM 
Probuccinum palaiocostatum n. sp. C-EM 
Serrifusus binodosum n. sp. C-EM 
Sycostoma pyrinota n. sp. C-EM 
Seymourosphaera subglobosa Oleinik & Zinsmeister, 
1996 C-EM 
Seymourosphaera depressa Oleinik & Zinsmeister, 
1996 C-EM 
Seymourosphaera bulloides Oleinik & Zinsmeister, 
1996 C-EM 
Seymourosphaera elevata Oleinik & Zinsmeister, 
1996 C-EM 
Strepsidura? polaris n. sp. C-EM 
Fasciolariidae 
Paleopsephaea? nodoprosta n. sp. C-EM 
Taioma sobrali n. sp. C-EM 


Table 2.—Continued. 


Inferred 
Life 
Gastropoda Habits 
Volutidae 
Zygomelon apheles n. sp. C-EM 
Mitridae 
Mitra (Eumitra?) antarctmella n. sp. C-EM 
Turridae 
Marshallaria variegata n. sp. C-EM 
Cosmasyrinx (Tholitoma) antarctigera n. sp. C-EM 
Cylichnidae 


Cylichnania cf. C. impar Finlay and Marwick, 1937 1?-C 


invertebrate faunas during the earliest Danian resulting 
from the mass extinction. 


COMPOSITION AND PALEOBIOGEOGRA PHY 


Paleocene molluscan faunas are rare in the Southern 
Hemisphere, and earliest Paleocene faunas are partic- 
ularly so, and are represented solely by the early Dan- 
ian fauna of Seymour Island. This fauna is extremely 
important in that it not only fills a major gap in our 
knowledge of early Paleocene Austral molluscan fau- 
nas, but provides much new data on the steps of biotic 
recovery following the K-T boundary event. Other 
Austral Paleocene faunas have been thoroughly doc- 
umented and/or await further attention, but are either 
late early to late Paleocene in age or not particularly 
well dated; these include the late early to late Paleo- 
cene faunas of New Zealand (Finlay and Marwick, 
1937; Stilwell, 1993, 1994; JDS, unpublished data), 
late Paleocene of Chatham Islands (Campbell ef al., 
1993; Stilwell and Grebneff, 1996; Stilwell, 1997, 
2003a; JDS, unpublished data.), mid- to late Paleocene 
of Victoria and Western Australia, (Singleton, 1943; 
Darragh, 1994, 1997; Stilwell, 2003b; JDS, personal 
observation), and poorly dated Paleocene faunas of 
southern South America, predominantly southern Ar- 
gentina (Olivero eft al., 1990; Camacho, 1992; Griffin 
and Hiinicken, 1994; JDS, personal observation). The 
Paleocene fauna of Antarctica provides important in- 
formation on the composition of immediate post K-T 
faunas during the early recovery phase following the 
mass extinction event. 

The Antarctic gastropod fauna records taxa that are 
either the oldest member of respective genera (e.g., 
Bittium (Zebittium), Antarctodarwinella, Amauropsis?, 
Melanella, Heteroterma?, Pseudofax?, Colus, Levifu- 
sus, Probuccinum, Strepsidura?, Zygomelon, Vexillum 
s.L., Marshallaria, Cosmasyrinx (Tholitoma), and Cy- 
lichnania) or some that survived the K-T event in the 
earliest Danian (e.g., Perotrochus, Conotomaria, Ac- 
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maea, Struthiochenopus, Vanikoropsis, Euspira, “*Pyr- 
opsis,” Serrifusus, Sycostoma, Paleopsephaea, and 
Taioma). Others are either members of widespread 
genera that may have evolved in the high southern 
latitudes or of uncertain origin, representing Indo-Pa- 
cific/Tethyan or Temperate forms (e.g., Perotrochus, 
Conotomaria, Amauropsis, Antarctiranella n. gen., 
Pyropsis?, Heteroterma?, Colus, Strepsidura?, Levi- 
fusus, Serrifusus, and Paleopsephaea). Some 34% of 
genera and subgenera make up this category. Only 
four genera, Antarctodarwinella, Antarctiranella n. 
gen., Probuccinum, and Seymourosphaera, are endem- 
ic to Antarctica, and compose between 12.5% and 16% 
of the total fauna. Antarctodarwinella austerocallosa 
n. sp. is the progenitor of two Eocene species, A. ellioti 
Zinsmeister, 1976, recorded from Units II-III of the 
La Meseta Formation, and younger A. nordenskjoldi 
(Wilckens, 1911), distributed in Units II—V. Antarc- 
todarwinella became extinct during the late Eocene. 
These taxa form a lineage with an observed gap in the 
late Paleocene to early Eocene record in Antarctica. 
This gap in the record may contribute to the observ- 
able difference in overall morphology in A. austero- 
callosa n. sp. and younger Eocene forms A. e/lioti and 
A. nordenskjoldi, discussed in detail in the systematics 
section of this work (pp. 31-32). Antarctiranella n. 
gen. is distinct from other coeval and younger ranellid 
gastropods, so probably represents a short-lived group 
that evolved during an early stage of the radiation of 
this family and became extinct sometime during the 
Paleocene. Seymourosphaera is closely related to the 
pseudolivine gastropod, Austrosphaera from the Late 
Cretaceous to Paleocene of southern Argentina (Tierra 
del Fuego), and most likely is descended from Aus- 
trosphaera (Oleinik and Zinsmeister, 1996). Probuc- 
cinum has been recorded only in Antarctica where it 
spans the entire Cenozoic beginning in the earliest Pa- 
leocene and today has a circum-Antarctic distribution 
in depths of 140 m to more than 600 m (see Dell, 
1990). However, there is a gap of nearly 65 m.y. in 
the fossil record of this group and it 1s surprising that 
there is no evidence of Probuccinum in the La Meseta 
Formation or younger Tertiary marine sediments. This 
may reflect the migration of mid-Tertiary forms to 
deeper waters, of which we have no record. 
Paleoaustral gastropods dominate the fauna at 44% 
(including endemic taxa in accordance with Fleming’s 
(1963) original ideas). Cosmopolitan groups make up 
22% of the total fauna. At species level, however, all 
taxa are endemic. Thus, the composition of the fauna 
has generally a cosmopolitan or at least a widespread 
flavor at genus level with relatively few provincial 
forms. Further, few taxa recorded in the Antarctic Pa- 
leocene are present in the Cretaceous deposits in the 


James Ross Basin, apart from Acmaea, Struthiochen- 
opus, Euspira, and Taioma, but some are known from 
other northern and southern regions in Cretaceous de- 
posits (e.g., Perotrochus, Conotomaria, Bittium, Tur- 
ritella s.1., Mesalia, Amauropsis, “*Pyropsis,” Levifu- 
sus?, Serrifusus?, Paleopsephaea, and Cylichnania). 
Thus, most of the Paleocene Antarctic gastropod fauna 
is composed of groups that originated in the Late Cre- 
taceous or earliest Tertiary, either from southern cir- 
cum-Pacific regions, or the north, or evolved in the 
Antarctic region and dispersed further afield during the 
Cenozoic. The patterns of composition of the fauna 
and biotic recovery in the Paleocene reflect several 
factors, among them the final breakup of the super- 
continent Gondwana with ensuing changes to oceanic 
circulation and climate, and all of these factors play 
significant roles in the observed biodiversity patterns. 

The marked endemism at species level for the Ant- 
arctic Peninsula region during the Paleocene points to 
a strong degree of provincialism and also isolation 
from other coeval recorded faunas around the southern 
circum-Pacific. However, on a higher grade of paleo- 
biogeographic scale, there is a moderate degree of sim- 
ilarity of faunas around the southern circum-Pacific 
margin. This reinforces the proposition posed by Crame 
(1996) and Stilwell (1997) that the occurrence of dis- 
junct species of congeners around the southern circum- 
Pacific reflects evolution in isolation, resulting from 
retracted distributions of cosmopolitan taxa during the 
latter part of the Cretaceous. Further, the breakup of 
Gondwana would have increased the sea-surface tem- 
perature gradient and maximized shelf area for dis- 
persal of marine invertebrate taxa, but it would have 
also enhanced provinciality of faunas due to segmen- 
tation of presumed oceanic circulation patterns during 
the latest Cretaceous and early Tertiary (Stilwell, 
1997). Progressive continental reshuffling and associ- 
ated changes in oceanic circulation played a large role 
in disrupting biotic distributions late in the Mesozoic 
and early Cenozoic. This trend commenced during the 
latter part of the Mesozoic, especially during the mid- 
to Late Cretaceous period, when the final breakup of 
Gondwana was well underway. During this time the 
Antarctic fauna belonged to the Austral Province of 
Kauffman (1973). 

Preliminary biodiversity and paleobiogeographic 
trends are relatively consistent with data on the tec- 
tonic and paleo-oceanographic history of the Austral 
region, but still require much refinement and rigorous 
testing. The Early Cretaceous period saw the breakup 
of East Gondwana, including Australasia, especially 
by 130 Ma when initial rifting had begun between 
Australia and greater India (see review of Gondwana 
breakup by Lawver et al., 1992). Provinciality of shelf 
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faunas increased throughout the Late Jurassic and Ear- 
ly Cretaceous when most of the Southern Hemisphere 
belonged to the Austral Province. Although this pro- 
vinciality decreased from Aptian to Maastrichtian 
times in the Australian region (Kauffman, 1973; Veev- 
ers, 1984; Stilwell and Crampton in Henderson et al., 
2000; Stilwell and Henderson, 2002), so did the genus- 
level diversity, reflecting gradual contraction and with- 
drawal of shallow epicontinental seas with fluctuations 
throughout the Late Cretaceous (Frakes et al., 1987). 
Seaways were most widespread during the Aptian-Al- 
bian in Australia, but were most extensive during the 
latest Cretaceous for Antarctica, New Zealand, Chat- 
ham Islands, and New Caledonia, reflecting the final 
fragmentation of these regions from the Gondwana 
margin and resultant thermal subsidence and _ trans- 
gression. As such, there was increased shelf area re- 
sulting from the transgression, but oceanic circulation 
patterns were becoming increasingly segmented. 

Zinsmeister (1982) and Huber and Watkins (1992) 
proposed that the southern Pacific margin was domi- 
nated by counterclockwise circulation with a western 
boundary current flowing southward along Australia 
and New Zealand comparable to the present-day Ku- 
roshio Current of the North Pacific. Hence, the south- 
ern circum-Pacific was, for the most part, isolated by 
the prevailing oceanic circulation from other major 
oceans in the Southern Hemisphere. However, during 
the late Campanian and early Maastrichtian (c. 79 Ma), 
microfossil evidence, including the presence of latest 
Cretaceous microfossils in reworked glacial diamicti- 
tes in the Transantarctic Mountains (Huber and Wat- 
kins, 1992), points to circum-Antarctic flow of shallow 
surface waters and the presence of a Trans-Antarctic 
seaway. 

Stilwell (1997) presented two scenarios for dispersal 
of molluscan larvae along shallow, southern circum- 
Pacific shelves during the latest Cretaceous. First, it is 
possible that larvae were dispersed from currents flow- 
ing from the New Zealand—Chatham Rise region to the 
margins of Marie Byrd Land—Antarctic Peninsula and 
through the shallow gateway between the Antarctic 
Peninsula and southern South America. Second, cur- 
rents originated from the New Zealand—Chatham Rise 
region and eventually progressed northward through 
the Trans-Antarctic seaway to reach the Antarctic Pen- 
insula. Because part of Western Antarctica was thought 
to be a series of islands (Zinsmeister, 1987), larvae 
may have been distributed through these areas, not- 
withstanding the probability of a Trans-Antarctic sea- 
way. But did this occur? The distances between the 
New Zealand—Chatham Rise and Antarctic Peninsula/ 
southern South America regions were still immense 
during the Late Cretaceous, despite their high-latitude 


position (approximately 90° of longitude or an esti- 
mated 4000 km), such that of macroinvertebrates, only 
those with planktotrophic teleplanic larvae capabilities 
would have been the most successful of marine organ- 
isms to make the long journey along the increasingly 
dissected Gondwana margin. No species-level gastro- 
pods have a wide distribution in the Southern Hemi- 
sphere during the latest Cretaceous and only four re- 
corded gastropods traversed the nearly 1000-km dis- 
tance along the Chatham Rise—New Zealand subcon- 
tinent (Stilwell, 1997, 1998). 

With the final breakup of Gondwana at the close of 
the Mesozoic, the Austral Province lost its identity. 
One of the smaller faunal provinces, the Weddellian 
Province (Zinsmeister, 1979), resulting from the dis- 
solution of the Austral Province, occupied the region 
south of the northeastern coast of Australia and New 
Zealand, extending westward and including the con- 
tinental shelf areas along Antarctica and southern 
South America. The concept of the Province can be 
expanded to include New Caledonia and Chatham Is- 
lands, based on quantitative analyses of molluscan 
similarities (Stilwell, 1991, 1994, 1997). Another re- 
cent study on Maastrichtian gastropods of Antarctica 
supports the existence of the Weddellian Province dur- 
ing the latest Cretaceous (Fricker, 1999). 

Faunal comparisons around the southern circum-Pa- 
cific indicate that Western Australia can be excluded 
from the Weddellian Province. Evidence supports the 
idea that there was virtually no faunal interchange be- 
tween Western Australia and the southern circum-Pa- 
cific during the latest Cretaceous (Darragh and Ken- 
drick, 1991), and also Paleocene faunas of southeast- 
ern Australia and other Austral localities (Darragh, 
1994, 1997). Molluscan evidence (Stilwell, 1994, and 
JDS, unpublished data) supports the contention that the 
Weddellian Province was probably short-lived, exist- 
ing only through the Campanian-Maastrichtian time, 
after which the province was either reduced quite con- 
siderably or had broken up into smaller biogeographic 
entities by the earliest Tertiary, much earlier than the 
Eocene proposed by Zinsmeister (1979, 1982). Distri- 
butions of Paleogene Austral mollusks indicate that the 
Weddellian Province was reduced during the earliest 
Tertiary to the area of southeastern Australia, New 
Zealand, and possibly the Chatham Islands, and that 
the Antarctic Peninsula and southern South America 
probably also belonged to separate provinces or sub- 
provinces (Stilwell, 1991, 1994). This pattern most 
likely reflects the environmental perturbations at the 
end of the Cretaceous resulting from the continental 
redistribution (Stilwell, 1997). 

The Paleocene bivalve fauna of Antarctica is the 
oldest recorded Austral Cenozoic assemblage and as 
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such, provides an important data set for early Paleo- 
cene faunal composition and paleobiogeographic dis- 
tributions. As stated by Stilwell (2000), the Paleocene 
molluscan faunas of Antarctica yield significant infor- 
mation on the composition of immediate post-K-T fau- 
nas in the Southern Hemisphere, not found elsewhere, 
and also patterns of the early recovery phases follow- 
ing the mass extinction event. The composition of the 
bivalve fauna corroborates the findings of Stilwell 
(2000) on the paleobiogeographic history of Paleocene 
Antarctic gastropods, the details of which will not be 
repeated herein. 

In summary, at species level all Antarctic Paleocene 
bivalves are endemic, indicating that this marked en- 
demism points to a strong degree of provinciality and 
also isolation of the Antarctic Peninsula faunas with 
other Paleocene faunas around the southern circum- 
Pacific. The Paleocene Antarctic faunas, in all likeli- 
hood, belonged to a distinct biotic province by Paleo- 
cene time. The distribution of Paleogene Austral mol- 
lusks suggests that the Weddellian Province of Zins- 
meister (1979) was greatly reduced by the early 
Tertiary and had dissipated into separate biotic entities 
by this time (see Stilwell, 1997). 

At genus level the composition of the bivalve fauna 
has a strong cosmopolitan flavor with a weaker Pa- 
leoaustral component. Widespread and long-ranging 
bivalves dominate the assemblage at approximately 
75% of the recorded genera of bivalves, including Nu- 
cula, Leionucula, Nuculana, Ledina?, Jupiteria?, Cu- 
cullaea, Pinna, Acesta, Saxolucina, Thyasira, and Per- 
iploma?. Most of these genera provide new and addi- 
tional records of these groups in the fossil record of 
Antarctica by extending stratigraphic ranges. As an ex- 
ample, Saxolucina and Periploma? were previously 
recognized in the Eocene of Seymour Island (Stilwell 
and Zinsmeister, 1992), but the Paleocene records ex- 
pand the range to include first occurrences in the Dan- 
ian. The possible record of Ledina may indicate an 
Austral origin for this nuculanid group, previously re- 
ported from the late early Paleocene of New Zealand 
(see review by Stilwell, 1994), and subsequent youn- 
ger Paleogene deposits elsewhere. 

Only 25% of the bivalves are Paleoaustral forms 
with a long history in the Southern Hemisphere; these 
include Australoneilo, Lahillia, Marwickia and Cy- 
clorisma. Of note, three groups, apart from Marwickia, 
have latest Cretaceous representatives in the Austral 
realm, indicating that they crossed the K-T boundary 
into the Tertiary. Australoneilo and Cyclorisma dis- 
appeared from the fossil record sometime during the 
Eocene in Antarctica, whereas Lahillia became extinct 
during the Miocene in South America. The earliest Pa- 
leocene Antarctic record of Marwickia predates the 


New Zealand record (Beu and Maxwell, 1990; Stl- 
well, 1994) by a few million years. Thus, many of the 
bivalve and gastropod groups present in the Antarctic 
Paleocene originated in the Late Cretaceous, either 
from southern circum-Pacific regions, or the north. 
Some taxa such as Pinna have had a very long history 
in Antarctica, being first recorded in Upper Jurassic 
sediments (Willey, 1975), but disappeared from the 
fossil record in the Eocene. The disappearance of Aus- 
traloneilo, Lahillia, Cyclorisma, and other mollusk 
groups in the Eocene of Antarctica most likely corre- 
sponds to deteriorating climatic condition at the close 
of the Eocene. 

One aspect of the Paleogene faunas of Antarctica 
that is not commonly recognized is that the shelf re- 
gion along Antarctica was the source for a number of 
groups of benthic invertebrates that have a wide and 
varied distribution in mid- and low latitudes during the 
latter part of the Cenozoic. Zinsmeister and Feldmann 
(1984) discussed the phenomenon of heterochroneity 
of the marine faunas of the Southern Hemisphere. The 
recognition of the earliest occurrence of a number of 
mollusks, arthropods and echinoderms on Seymour Is- 
land clearly indicates that the high southern latitudes 
around Antarctica during the Paleogene were the site 
of diversification of the marine faunas associated with 
climatic change and the development of marked sea- 
sonality. These newly evolved groups were restricted 
to the shelf region around Antarctica until conditions 
in the mid-latitudes cooled enough to allow them to 
migrate northward. In addition to the northward mi- 
gration of shallow-water taxa, a number of taxa (Me- 
tacrinus (crinoid), Zoroaster and Ctenophoraster (sea 
stars), and Lyreidus (decopod)) migrated into deep ma- 
rine environments as cooling of the deep-sea environ- 
ment developed during the Eocene. 


SUMMARY 


The early Danian molluscan fauna from the Lopez 
de Bertodano and Sobral formations provides a unique 
insight into the origin of the Cenozoic marine fauna 
following the terminal Cretaceous extinction event. It 
is clear that climatic cooling during the Maastrichtian 
and the final breakup of Gondwana had initiated major 
changes in the composition of marine faunas in the 
southern high latitudes and set the stage of the mass 
extinction at the end of the Cretaceous. Although di- 
versity dropped dramatically at the K-T boundary, 
~39% of the molluscan fauna survived the boundary 
event. Initial recovery of the shelf faunas was char- 
acterized by floods of opportunitistic groups such as 
Lahillia and Struthiochenopus followed by the reap- 
pearance of cosmopolitan and refugia Lazarus species. 
As the diversification within the faunas began to in- 
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crease, the isolation of Antarctica became more pro- 
nounced as the other southern continents moved north- 
ward. Major changes in oceanic circulation associated 
with the final breakup of Gondwana enhanced the iso- 
lation of the marine faunas along Antarctica. Only with 
the onset of glacial conditions and marked cooling of 
both the shallow and deep-sea realms, did the Antarc- 
tic faunas begin to migrate northward into the mid- 
latitudes. 


SYSTEMATIC PALEONTOLOGY 


There are of number of nomenclatural problems 
with several of the taxa described and figured by Otto 
Wilckens (1910). To understand the source of these 
problems a brief review of field activities of the Swed- 
ish South Polar Expedition is necessary. Fossil mate- 
rial from Seymour Island was collected by Otto Nor- 
denskjold, Gunnar Andersson and other members of 
the Swedish South Polar Expedition. Only Gunnar An- 
dersson was a trained geologist and his work on the 
island was limited to the last days of the expedition’s 
stay in Antarctica. Nordenskjold’s field work on Sey- 
mour Island was hindered by circumstances which pre- 
vented them from recognizing the remarkable pale- 
ontologic record on the island. 

During the two and a half years spent in the James 
Ross Basin only a limited amount of time was spent 
collecting fossils. Seven sledging trips to Seymour Is- 
land were made during this period; except for the last 
trip led by Gunnar Andersson during late October and 
early November of 1903, each visit was three days or 
less in length and none of the personnel on these visits 
was a trained geologist. Another factor that played a 
central role in the limited success of their work on 
Seymour Island was that all sledging trips along the 
coast were restricted to the east coast which is the least 
fossiliferous region of the island. The only exception 
was the Bodman party during November 21 through 
25 of 1902, which went along the west coast of the 
island and crossed through Cross Valley to the east 
coast to collect penguin eggs at the penguin rookery. 
Although the Bodman party passed through some of 
the most fossil-rich regions of the Upper Cretaceous 
and Danian strata on the island, none of the personnel 
in Bodman’s party had any scientific training and only 
a few fossils without any locality data were collected. 

As a consequence, many of the fossils Wilckens de- 
scribed had only the most superficial locality data. 
Only during the last visit to Seymour Island in the 
spring of 1903 by Andersson were any fossils collect- 
ed with adequate field data. Combined with the fact 
that nothing was known about stratigraphy of the Late 
Cretaceous/earliest Tertiary, several of Wilckens’ taxa 
were based on material collected from different strati- 


graphic horizons and ages. Another factor that influ- 
ences Wilckens’ systematic study of the fauna was the 
common belief during the early part of the 20th cen- 
tury that the Danian was the uppermost part of the 
Cretaceous. It is interesting to note that Andersson 
(1904) felt that because of the absence of any am- 
monites, the fossils from the Swedish South Polar Ex- 
pedition (SSPE) locality 9 were, indeed, Tertiary, but 
Wilckens included them with the Cretaceous taxa he 
described. 

The mollusks described and figured in this paper are 
housed at the National Museum of Natural History, 
Washington, DC (USNM); Department of Earth and 
Atmospheric Sciences, Purdue University (PU); Uni- 
versity of Buenos Aires, Argentina (UBA); Institute of 
Geological Sciences, London (IGS); and the Natur- 
hisktoriska Riksmuseet, Stockholm, Sweden (Mo). 
Additional material from Seymour Island is housed in 
the British Museum of Natural History; British Ant- 
arctic Survey, Cambridge; and the Centro de Investi- 
gaciones en Recursos Geologicos, Buenos Aires, Ar- 
gentina. The systematic paleontology section in this 
work incorporates a complete catalogue of all mollus- 
can species recorded from the Paleocene of Antarctica. 
Where appropriate, in some species, the taxonomy is 
updated and modernized, in accordance with recent ad- 
vances in molluscan systematics. 

The Appendix (p. 51) contains stratigraphic data for 
Maastrichtian and Danian localities on Seymour Is- 
land, as well as individual occurrences and abundance 
data for Danian species. 


Phylum MOLLUSCA Linnaeus, 1758 
Class BIVALVIA Linnaeus, 1758 
Subclass PALAEOTAXODONTA Korobkoy, 1954 
Order NUCULOIDA Dall, 1889 
Superfamily NUCULOIDEA Gray, 1824 
Family NUCULIDAE Gray, 1824 
Subfamily NUCULINAE Gray, 1824 
Genus NUCULA Lamarck, 1799 


Arca nucleus Lin- 


Type species (by monotypy). 
naeus, 1758. 
Subgenus Leionucula Quenstedt, 1930 
Type species (by original designation).—Nucula al- 
bensis d Orbigny, 1844 
Nucula (Leionucula) suboblonga (Wilckens, 1907) 
Plate 1, Figures 1—4, 8 


Nucula suboblonga Wilckens, 1907, pp. 53; 1910, pp. 22—24, pl. 2, 
figs. la,b, 2; Zinsmeister and Macellari, 1988 p. 256, figs. 3.1—5. 
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Nuculoma (Palaeonucula) poyaensis Freneix, 1958 (1956), pp. 157— 
158, pl. figs. la, b. 

Leionucula poyaensis (Freneix). Freneix, 1980, pp. 75—77, pl. 1, figs. 
1-4. 


Dimensions.—Hypotype USNM 404809, length 44 
mm; height 30 mm. 

Type.—Lectotype MO 1424a. 

Localities.—9, 459, 477, 497, 514, 725, 754, 757, 
V2 VIGs Vs WHS UNOS WS eA SUS syns iey 
1148, 1430, 1431, 1432, 1467, 1473, 1502, 1505, 
IS06; dSOs TS519l 16975 1529; 1531, 1533, 1534, 
1535, 1536, 1537, 1548, 1586. 

Material.—150 specimens. 

Stratigraphic distribution.—1040 to 1216 m. 

Discussion.—This species was originally described 
from the Upper Cretaceous sequence at Cerro Cazado in 
southern Patagonia (Wilckens, 1907). In the same paper, 
Wilckens described a second species of Nucula (L.) ob- 
longa and separated the two by the more centrally lo- 
cated umbones of N. (L.) suboblonga. Untortunately he 
did not figure N. (L.) suboblonga because he did not 
have a “perfect” specimen. Wilckens (1910) subsequent- 
ly reported the occurrence of this species on Seymour 
Island and included the first figure of the species. Freneix 
(1958) described a similar species (NV. (L.) poyaensis) 
from New Caledonia. Because the dimensions of N. (L.) 
poyaensis and N. (L.) suboblonga are nearly identical, 
we believe that the two are conspecific. 

Nucula (L.) suboblonga has an extensive range on 
Seymour Island, first appearing in the middle part of 
the Maastrichtian of the Lopez de Bertodano and ex- 
tending through the Sobral Formation. Although it is 
not very abundant in the Maastrichtian, it becomes a 
very common element throughout the Danian on Sey- 
mour Island. 


Nucula (Leionucula) hunickeni Zinsmeister and 
Macellari, 1988 
Plate 1, figures 6, 7 


Nucula (Leionucula) hunickeni Zinsmeister and Macellari, 1988, 
256-257, figs. 3.10, 3.11. 


Dimensions.—Holotype USNM 404814; length 23 
mm, height 17 mm, width of paired valves 12 mm. 

Type.—Holotype USNM 404814. 

Stratigraphic occurrence.—Middle part of unit | of 
the Sobral Formation. 

Localities.—9 (type), 497, 746, 1104, 1505, 1519, 
1534. 

Material.—31\ specimens. 

Stratigraphic range.—1072 to 1375 m. 

Discussion.—This species of Leionucula may be 
distinguished from Nucula (L.) suboblonga by its 
smaller size and straighter anterior, which slopes at a 
steeper angle. Nucula (L.) hunickeni has only been en- 


countered in a dark-brown silty sandstone facies of the 
Sobral Formation. 


Nucula species 
Plate 1, figures 13, 16 


Locality.—1535. 

Material examined.—One poorly preserved speci- 
men. 

Stratigraphic range.—1078 m. 

Discussion.—The atfinity of this poorly preserved, 
minute nuculid bivalve is uncertain, as the delicate, 
disarticulated shell is partly immersed in fine matrix. 
The specimen is 2.5 mm in length and 2.0 mm high, 
circular to slightly ovate, gently inflated, with orna- 
mentation of closely spaced commarginal riblets that 
become coarser and broader near the ventral margin. 
There is also evidence of a poorly developed radial 
element. The specimen is reminiscent of Linucula? 
mcemurdoensis Stilwell, 2000 (p. 265, pl. 1, figs. D. J) 
from the Eocene of East Antarctica in size and outline, 
but Nucula sp. has more developed commarginal or- 
namentation. The sculpture of Nucula sp. 1s compa- 
rable to Nucula (Leionucula) palmeri (Zinsmeister, 
1984) (pp. 1501-1502, fig. 3A, B; Stilwell and Zins- 
meister, 1992, pp. 47—48, pl. 1, figs. a, b), from Unit 
II of the La Meseta Formation, also Eocene, of Sey- 
mour Island, but Nucula sp. is more ovate, whereas N. 
(L.) palmeri has a subtrigonal outline and more evenly 
spaced commarginal riblets of mostly equal strength. 
More material is needed to assess the relationships of 
this species in detail. Nucula sp. is distinct from N. 
(L.) suboblonga (Wilckens, 1907) and N. (L.) hunick- 
eni Zinsmeister and Macellari, 1988, both recorded 
from the Danian of Seymour Island. 


Superfamily NUCULANOIDEA H. and A. Adams, 
1858 


Family NUCULANIDAE H. and A. Adams, 1858 


Subfamily NUCULANINAE H. and A. Adams, 
1858 


Genus NUCULANA Link, 1807 


Type species (by original designation).—Arca ros- 
trata Chemnitz, 1774 (= Arca pernula Miiller, 1771). 


Nuculana antarctirostrata, new species 
Plate me ficures ie 12515 


Diagnosis.—Small- to medium-sized Nuculana with 
a narrowly elongate, moderately rostrate, moderately 
inflated shell; posterior end moderately pointed; um- 
bones strongly opisthogyrous, small; escutcheon bor- 
dered by moderately developed, weakly concave um- 
bonal ridge; ornamentation of closely spaced commar- 
ginal riblets, overprinted by discordant riblets that be- 
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come more concordant anteriorly and_ posteriorly; 
posterior part of hinge 70% of length of shell. 

Description.—Shell small- to medium-sized for ge- 
nus (length 10.3 mm), thin, narrowly elongate, mod- 
erately rostrate; shell moderately inflated, more so cen- 
trally on disk becoming less so at anterior and poste- 
rior margins; umbones small, strongly opisthogyrous, 
located more anteriorly; lunule poorly developed; es- 
cutcheon long, narrow, with weak threads, bordered by 
gently convex to nearly straight umbonal ridge; anter- 
odorsal margin short, steeply sloping, scarcely convex, 
more straight, merging with well-rounded anterior 
margin; posterodorsal margin long, gently concave, 
merging with narrowly rounded to subangular, pointed 
posterior margin; ventral margin moderately broadly 
convex; more rounded near anterior margin; sculpture 
of closely spaced commarginal riblets (>10 per | mm) 
with some marked growth pauses, and moderately pro- 
nounced discordant riblets, more distinctive on central 
part of disc and ventrally; discordant riblets become 
more concordant near anterior and posterior margins; 
posterior hinge 70% of length of shell; many chevron- 
shaped hinge teeth becoming weaker near posterior 
and anterior margins; pallial line poorly developed; in- 
ner margins smooth. 

Dimensions.—Holotype USNM 517001, length 10.3 
mm, height 6.5 mm, width of paired valves 6.0 mm; 
paratype USNM 517002, length 7.5 mm, height 5.0 
mm (internal). 

Types.—Holotype USNM 517001; paratype USNM 
517002. 

Locality.—1589. 

Material examined.—Two specimens. 

Stratigraphic range.—1149 m. 

Discussion.—Nuculana antarctirostrata n. sp., one 
of three nuculanid species newly recorded from the 
Antarctic Paleocene, belongs to a characteristic latest 
Cretaceous—early Paleogene group ornamented with 
discordant commarginal riblets. Nuculana n. sp. of 
Stilwell (1994, pp. 268-270, pl. 3, figs. 1-2, 5) from 
the Maastrichtian of Northland, New Zealand, is mor- 
phologically very similar to N. antarctirostrata, dif- 
fering in the Antarctic species being slightly smaller 
with a more narrowly rounded and convex ventral 
margin and more unevenly spaced, commarginal rib- 
lets that are more discordant along the central part of 
the disc. No other Paleocene nuculanid has a compa- 
rable sculptural configuration. 


Etymology.—Species named for its endemic Antarc- 
tic occurrence and its moderately developed rostrum. 
Genus LEDINA Dall, 1898 

Type species (by original designation).—Leda ebo- 
rea Conrad, 1860 (non Conrad, 1846) (= Leda (Led- 
ina) smirna Dall, 1898). 


Ledina? species 
Plate 1, figures 5, 9, 10 

Description.—Shell relatively small (length 7.5 mm 
nearly complete), thin, polished, subtrigonally elon- 
gate-ovate, moderately inflated, scarcely rostrate; um- 
bones subcentral, just more anterior, suborthogyrous, 
just slightly curved toward posterior; lunule and es- 
cutcheon poorly differentiated; anterodorsal margin 
short, steep, gently convex; anterior margin incomplete 
on available specimen; posterodorsal margin moder- 
ately long and steep, very gently convex to nearly 
straight, merging with blunt, narrowly rounded, pos- 
terior margin; ventral margin broadly rounded; sculp- 
ture of many, closely spaced commarginal threads and 
riblets, becoming more spaced and raised ventrally; 
hinge details unknown; inner margin smooth. 

Dimensions.—USNM 517003, length 7.5 mm, 
height 5.5 mm, width of paired valves 4.5 mm. 

Locality.—1519. 

Material.—One specimen. 

Stratigraphic range.—1072 m. 

Discussion.—This new species is probably assign- 
able to the Paleocene to Eocene genus Ledina Dall, 
1898, but as there are no internal details available and 
part of the anterior end of the shell is missing, only a 
tentative assignment is made here. The subovate out- 
line and slightly rostrate shell, sculpture of slightly 
variable commarginal riblets, and poorly defined lu- 
nule and escutcheon in the Antarctic species are all 
characteristics of Ledina, type species L. smirna (Dall, 
1898) (see Puri in Moore, 1969, p. N237, fig. A7-3; 
Toulmin, 1977, pp. 149-150, pl. 2, figs. 8-9) from the 
Paleocene of North America. Ledina smirna is larger 
with finer ornamentation, a slightly broader ventral 
margin, and a scarcely more developed rostrum, com- 
pared with Ledina? sp. The rostrum in Ledina? sp. 1s 
more pronounced, compared with L. taioma (Finlay 
and Marwick, 1937) (pp. 16-17, pl. 1, figs. 1, 3, 6; 
Fleming, 1966, p. 106, pl. 4, fig. 59-61; Stilwell, 
1994, pp. 727-730, pl. 47, figs. 16, 19-20) from the 
late early Paleocene of New Zealand, which is also 
twice the size of the Antarctic species with more pro- 
nounced growth pauses and a more inflated shell. Led- 
ina paucigradata (Singleton, 1943) (p. 268, pl. 12, fig. 
la-b; Darragh, 1994, pp. 77, 79, fig. 1H—I, O—P, R-S, 
U-V) from the mid-Paleocene of southeastern Victo- 
ria, Australia, is not a closely related form, as it has a 
much larger, more elongated shell and more indistinct 
commarginal ornamentation, compared with Ledina? 
n. sp. 


Genus JUPITERIA Bellardi, 1875 


Type species (by subsequent designation, Dall, 
1898).—Nucula concava Bronn, 1831. 
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Jupiteria? species 
Plate 1, figures 14, 17 


Description.—Shell average-sized for family (8 mm 
in length), thin, moderately inflated, subtrigonally 
elongate—broadly ovate; length to height ratio 1.15:1; 
very weakly rostrate; umbones slightly inflated, sub- 
central, weakly opisthogyrous; umbonal ridge poorly 
developed; anterodorsal margin moderately sloping, 
very weakly convex, merging with rounded anterior 
margin; posterodorsal margin moderately long and de- 
scending, nearly straight; ventral margin broadly con- 
vex; shell polished, weakly ornamented with many, 
closely spaced commarginal striae; inner details un- 
known. 

Dimensions.—USNM 517004, length 8.0 mm, 
height 7.0 mm, width of single left valve, ~2.3 mm. 

Type.—Hypotype USNM 517004. 

Localities.—1519, 1538. 

Material examined.—One specimen. 

Stratigraphic range.—1072 m. 

Discussion.—This probable new nuculanid species 
is of uncertain affinity. Only one nearly complete ex- 
ternal valve is available. Without hinge details, it is 
often difficult to distinguish nuculanid genera, but the 
scarcely rostrate, broad, subtrigonally ovate, smooth 
and polished shell of closely spaced commarginal stri- 
ae in this species is reminiscent of Tertiary species of 
Jupiteria Bellardi, 1875, type species J. concava 
Bronn, 1831, from the Pliocene of Italy. We can find 
no closely related species in the Paleogene record in 
the Southern Hemisphere. Some species of Jupiteria, 
such as Jupiteria sp. of Maxwell (1992, p. 57, pl. 2, 
fig. k) from the late Eocene of New Zealand, have 
similar sculpture or near lack thereof, but Jupiteria? 
sp. has a more elongate shell and more developed ros- 
trum, compared with the Antarctic species. Further, 
few North American species are similar apart from a 
superficial resemblance to Tindaria sp. 2 of Peterson 
and Vedelsby (2000, pp. 34—35, fig. 19A—B) from the 
Paleocene of Nuussuaq, Greenland, but Jupiteria? n. 
sp. from Seymour Island has less well-defined com- 
marginal sculpture, less inflated umbones and a less 
steeply sloping posterodorsal margin, compared with 
the Greenland species. 


Family MALLETHDAE H. and A. Adams, 1858 
Genus AUSTRALONEILO Zinsmeister, 1984 


Type species (by original designation).—Australo- 
neilo rossi Zinsmeister, 1984. 

Discussion.—Australoneilo is much more wide- 
spread than previously recognized, being recorded 
from the latest Cretaceous? to Paleocene of southern 
Argentina and Paleocene to Eocene of Antarctica 


(Zinsmeister and Macellari, 1988), latest Cretaceous of 
New Zealand (Stilwell, 1994), and mid-Paleocene of 
southeastern Australia (Darragh, 1994). Reduction in 
valve inflation and lengthening of shell seem to be the 
most prominent changes in Australoneilo species from 
late Campanian? or Maastrichtian to Eocene time, after 
which the group disappears from the fossil record. 
Australoneilo gracilis (Wilckens, 1905) and A. casei 
Zinsmeister and Macellari, 1988, also from the Paleo- 
cene of Antarctica, appear to be morphologically in- 
termediate forms between an undescribed species from 
New Zealand and A. rossi Zinsmeister, 1984, which 
both share a moderate degree of valve inflation and 
shell elongation. Australoneilo gracilis, A. casei, and 
A. cultrata Darragh, 1994, are of close lineal descent 
and Australoneilo n. sp. may be ancestral as indicated 
by their close morphological affinity. 


Australoneilo gracilis (Wilckens, 1905) 
Plate 1, figures 19, 20, 23 
Malletia gracilis Wilckens, 1905, p. 35, pl. 5, fig. 10; Wilckens, 
1910, p. 25, pl. 2, fig. 4. 
Australoneilo gracilis (Wilckens). Zinsmeister and Macellari, 1988, 
p. 258, fig. 3.6, 3.7; Stilwell, 1994, p. 302. 
Neilo (Australoneilo) gracilis (Wilckens). Darragh, 1994, p. 79. 


Dimensions.—USNM_ 517005, length 34.0 mm, 
height 17.0 mm (right valve and part of hinge). 

Localities.—9, 497, 1104 1137, 1138, 1414, 1434. 

Material.—27 specimens. 

Stratigraphic distribution.—1107 to 1375 m. 

Discussion.—Zinsmeister and Macellari (1988, p. 
258) re-evaluated Australoneilo gracilis (Wilckens, 
1905), which is recognized both in uppermost Creta- 
ceous?—Paleocene deposits of southern Patagonia and 
in the Danian of Seymour Island. New well-preserved 
material from Seymour Island and the discovery of a 
similar species in New Zealand improves our knowl- 
edge of the relationships of this species. Austaloneilo 
gracilis is most closely related to Austaloneilo n. sp. 
of Stilwell (1994, pp. 300-303, pl. 4, figs. 14, 15, pl. 
5, figs. 1-6) from the Maastrichtian of Northland, New 
Zealand. Australoneilo gracilis is slightly more elon- 
gate and more compressed with a slightly concave pos- 
terodorsal margin and slightly more pointed posterior 
margin, compared with the new New Zealand species. 
See Plate 1, figure 23 for the complete external form 
of A. gracilis and partial hinge details, previously not 
figured for this species. 


Australoneilo casei Zinsmeister and Macellari, 1988 
Plate 1, figures 18, 21, 22, 24 
Australoneilo casei Zinsmeister and Macellari, 1988, p. 258, figs. 
3.8, 3.9; Stilwell, 1994, pp. 302-303. 


Neilo (Australoneilo) casei (Zinsmeister and Macellari). Darragh, 
1994, p. 79. 
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Dimensions.—USNM_ 517006, length 36.0 mm, 
height 18.0 mm, width of paired valves 15.5 mm (par- 
tial hinge exposed); USNM 517007, length 28.5 mm, 
height 17.0 mm, width of paired valves 13.0 mm. 

Types.—Hypotype USNM 517006; hypotype 
USNM 517007. 

Material examined.—Eight specimens. 

Locality.—746. 

Stratigraphic range.—1168 m. 

Discussion.—Australoneilo casei Zinsmeister and 
Macellari, 1988, is most closely allied with A. cultrata 
Darragh, 1994 (p. 79, fig. 1A—G) from the mid-Paleo- 
cene of southestern Australia, but is differentiated 
from the Australian species in having a slightly larger 
shell and a smooth shell nearly void of ornamentation 
apart from very fine commarginal striae. The outlines 
and convex ventral margins of A. casei and A. cultrata 
are strikingly similar. The dorsal margin and partial 
hinge of A. casei are depicted herein in Plate 1, figs. 
21, 22 to illustrate the hinge teeth, external ligament 
and articulated left and right valves, not clearly visible 
in Zinsmeister and Macellari (1988). 


Subclass PTERIOMORPHIA Beurlen, 1944 
Order ARCOIDA Stoliczka 1871 
Superfamily ARCOIDEA Larmarck, 1809 
Family CUCULLAEIDAE Stewart, 1930 
Genus CUCULLAEA Lamarck, 1801 


Type species (by subsequent designation, Children, 
1823).—Cucullaea auriculifera Lamarck, 1801. 


Cucullaea ellioti Zinsmeister and Macellari, 1988 
Plate 2, figures 1—6 
Cucullaea ellioti Zinsmeister and Macellari, 1988, p. 261, figs. 5.1— 


10. 
Cucullaea n. sp. Zinsmeister and Macellari, 1983, p. 68, Fig. 2al. 


Dimensions.—USNM 404838, length 51 mm, 
height 35 mm, width of single valve 16 mm. 

Type.—Holotype USNM 404838. 

Localities.—9 (type), 477, 485, 496, 497, 631, 746, 
TAOS BOLUS WMS 55 VI SGN eG mols os alo2. 
1430, 1431, 1434, 1435, 1508, 1510, 1529, 1531, 
1534, 1536, 1537, 1601. 

Material.—158 specimens. 

Stratigraphic distribution.—1051 to 1369 m. 

Discussion.—Cucullaea ellioti is easily separated 
from the Maastrichtian C. antarctica by its smaller 
size, less inflation of valves, greater elongation, and 
narrow ligamental region. The absence of a myophoric 
flange also serves to distinguish C. ellioti from C. an- 
atarctica. 

Cucullaea ellioti makes its first appearance within 


the ‘““K-T Glauconite” and forms an important element 
of the Danian bivalve fauna in Unit 10 and the Sobral 
Formation. Although it was originally believed to have 
made its first appearance below the K-T boundary 
(Zinsmeister and Macellari, 1983), C. ellioti is now 
considered to make its first appearance in the Danian. 
All occurrences in the ““K-T Glauconite” are above 
the Lower Glauconite which marks the K-T boundary. 


Order MYTILOIDA Feérussac, 1822 
Superfamily PINNOIDEA Leach, 1819 
Family PINNIDAE Leach, 1819 
Genus PINNA Linnaeus, 1758 


Type species (by subsequent designation, Children, 
1823).—Pinna rudis Linnaeus, 1758. 

Discussion.—Pinna had a long presence in Antarc- 
tica, with the oldest records extending into the Late 
Jurassic (Tithonian) (Willey, 1975), and disappeared in 
the fossil record during the late Eocene (see Stilwell 
and Zinsmeister, 1992). 


Pinna freneixae Zinsmeister and Macellari, 1988 
Plate 2, figures 7-10 


Pinna freneixae Zinsmeister and Macellari, 1988, p. 265, fig. 3.16; 
Stilwell, 1994, p. 354; Stilwell, 1998, p. 37. 


Dimensions.—USNM 517008, length 83.5 mm in- 
complete; USNM 517009, length 83.0 mm. 

Type.—Hypotype USNM 517008: hypotype USNM 
517009. 

Localities 497, 746, 769, 772, 776, 763, 764, 
1132, 1134, 11136; 1139) 1150; 1179) 118i 169s: 

Material examined.—18 specimens. 

Stratigraphic range.—431 to 1369 m. 

Discussion.—Pinna freneixae Zinsmeister and Ma- 
cellari, 1988, previously thought to have become ex- 
tinct at the close of the Maastrichtian, is now known 
to have crossed the K-T boundary in the earliest Dan- 
ian. Adding to discussion of this species by Zinsmeis- 
ter and Macellari (1988, p. 265), P. freneixae has also 
an apical angle ranging from 23° to 26°, very close to 
Pinna sp. of Stilwell (1994, pp. 353-354, pl. 9, fig. 1, 
3; Stilwell, 1998, pp. 36-37, fig. 3K G), from the Cam- 
panian? to Maastrichtian of New Zealand and Chat- 
ham Islands, which has an apical angle of 20°. Pinna 
sobrali Zinsmeister, 1984 (p. 1510, fig. 5G, H; Stilwell 
and Zinsmeister, 1992, pp. 59-60, pl. 3, figs. j, k) from 
the uppermost Unit VII of the La Meseta Formation 
(upper Eocene) of Seymour Island, is a closely related 
species and probably the descendant of P. frenetxae. 
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Order PTERIOIDA Newell, 1965 
Suborder PTERIINA Newell, 1965 
Superfamily LIMOIDEA Rafinesque, 1815 
Family LIMIDAE Rafinesque, 1815 
Genus ACESTA Adams and Adams, 1858 


Type species (by monotypy).—Ostrea excavata Fa- 
bricius, 1780. 


Acesta webbi Zinsmeister and Macellari, 1988 


Acesta webbi Zinsmeister and Macellari, 1988, pp. 267—268, figs. 
91-3. 


Dimensions—USNM 405769, length 56 mm, height 
71 mm, width of paired valves 30 mm. 

Type.—Holotype USNM 405769. 

Localities.—1119, 1134, 1135, 1139, 1548. 

Material.—Seven specimens. 

Stratigraphic range.—900—-1145 m. 

Discussion.—Acesta webbi 1s easily separated from 
A. shackeltoni by its smaller size, more elongated shell 
outline, and near absence of radial sculpture. The al- 
most total absence of radial ornamentation is uncom- 
mon among members of the family Limidae. “*Lima” 
cf. L. latgens Feruglio 1936 (pl. 14, figs. 10, 11) from 
the Maastrichtian of Lago Argentino in Patagonia is 
very similar to A. webbi, but the posterior auricle is 
not as broad and the shell is not as inflated. 


Genus SEYMOURTULA Zinsmeister in Zinsmeister 
and Macellari, 1988 


Type species (by original designation).—Lima an- 
tarctica Wilckens, 1910. 


Seymourtula antarctica (Wilckens, 1910) 


Lima (Limatula) antarctica Wilckens, 1910, pp. 16-17, pl. 1, fig. 8: 
Fleming, 1978, p. 52, fig. 26 (not S. antarctica Wilckens). 

Seymourtula antartica (Wilckens, 1910). Zinsmeister and Macellari, 
1988, figs. 8.12, 8.13. 


Dimensions.—USNM 405787, length 32 mm, 
height 18 mm. 

Types.—Holotype Mo 1636; hypotypes USNM 
405787, 405788, 405789, 405790. 

Localities.—7154, 757, 763, 776, 1109, 1110, 1116, 
1143, 1172, 1178, 1190, 1468, 1591, 1620, 1632. 

Material.—33 specimens. 

Stratigraphic range.—692 to 1053 m. 

Discussion.—Although Seymourtula antarctica is 
not a common bivalve and is not represented by a large 
number of individuals, it does have has an extensive 
range through all the Maastrichtian on Seymour Island 
and finally disappears in the earliest Danian in the Fish 
bed horizon of the ““K-T Glauconite.””> When encoun- 
tered, S. antarctica normally is represented by several 


individuals. The co-occurrence of several individuals 
probably represents the gregarious habit of some spe- 
cies of limids of attaching in clusters to some solid 
surface. 


Suborder OSTREINA Ferussac, 1822 
Superfamily OSTREOIDEA Rafinesque, 1815 
Family OSTREIDAE Rafinesque, 1815 
Subfamily OSTREINAE Rafinesque, 1815 
Genus OSTREA Linnaeus, 1758 


Type species (by subsequent designation, ICZN 
Opinion 94).—Ostrea edulis Linnaeus, 1758. 


Ostrea species 


Localities.—1131, 1483. 

Material.—Two specimens. 

Stratigraphic occurrence.—1065 to 1125 m. 

Discussion.—Oysters are very rare in the Danian of 
either the Lopez de Bertodano or Sobral formations. 
Likewise they are also very rare in the Maastrichtian 
of the Lopez de Bertodano and the Eocene La Meseta 
formations. The near absence in the Maastrichtian and 
the Danian probably reflects unfavorable facies for the 
group, but the limited occurrence of oysters in the 
shallow-water tidal-dominated facies of the La Meseta 
Formation is puzzling. The rareness of the ostreids on 
Seymour Island may reflect the high-latitude location 
of the island during the Late Cretaceous and early Ce- 
nozoic. 


Subclass HETERODONTA Neumayr, 1884 
Order VENEROIDA H. and A. Adams, 1856 
Suborder LUCININA Dall, 1889 
Superfamily LUCINOIDEA Fleming, 1828 
Family LUCINIDAE Fleming, 1828 
Subfamily LUCININAE Fleming, 1828 
Genus SAXOLUCINA Stewart, 1930 

Type species (by original designation).—Lucina 
saxorum Lamarck, 1806. 

Saxolucina antarctipleura, new species 
Plate 3, figures 7—13 

Diagnosis.—Medium-sized lucinid with subcircular 
shape and near 1:1 length to height ratio; lunule pro- 
nounced, narrow, subclavate; escutcheon long, narrow; 
sculpture of closely spaced, mostly even commarginal 
riblets (about 3 per | mm), and many secondary 
threads; ligament external, narrow, elongated, pencil- 
shaped. 


Description.—Shell medium-sized for family (up to 
30 mm in length), moderately thick, subcircular, dis- 
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coidal, moderately compressed; equivalved; length to 
height ratio nearly 1:1; lunule well-developed, but nar- 
row, elongated, subclavate, slightly depressed, mod- 
erately deep, escutcheon long, narrow, moderately 
deep; anterodorsal margin short, slightly concave, 
moderately steep, merging with well-rounded anterior 
margin; posterodorsal margin moderately long, nearly 
straight, margin with somewhat bluntly angular pos- 
terior margin; ventral margin strongly convex; orna- 
mentation of evenly spaced, moderately developed, 
primary riblets (~3 per 1 mm) and many weak, inter- 
stitial striae, primaries gradually strengthening from 
umbones to ventral margin; left valve with two car- 
dinal teeth, anterior one triangular and posterior one 
elongated, details of teeth uncertain as hinges poorly 
preserved; external ligament strongly developed, elon- 
gated, narrow, pencil-shaped; inner margin smooth. 

Dimensions.—Holotype USNM 517010, length 21.0 
mm, height 18.5 mm, width of paired valves ~8.0 
mm; paratype USNM 517011, length 30.0 mm, height 
28.0 mm; paratype USNM 517012, length 22.0 mm, 
height 22.0 mm, width of paired valves 8.0 mm. 

Types.—Holotype USNM 517010; paratypes 
USNM 517011, 517012. 

Localities.—746, 1105, 1131 (type), 1137, 1161, 
1430, 1467, 1535. 

Material examined.—33 specimens. 

Stratigraphic range.—1065 to 1369 m. 

Discussion.—The ancestor-descendant relationship 
of Saxolucina antarctipleura n. sp. and S. sharmani 
(Wilckens, 1911) (p. 12, pl. 1, fig. 11; Zinsmeister, 
1984, p. 1513, fig. 7M—N; Stilwell and Zinsmeister, 
1992, p. 64, pl. 4, figs. j, n; Stilwell, 2000, pp. 278— 
279, pl. 3, fig. C-D, EK H), from the middle to late 
Eocene of Seymour Island and McMurdo Sound, East 
Antarctica, is secure. There is little to distinguish be- 
tween S. antarctipleura n. sp. and S. sharmani, except 
that the Paleocene species is generally larger with a 
slightly more inflated shell and the commarginal riblets 
tend to flatten out slightly posteroventrally, compared 
to the circum-Antarctic Eocene species. Lucina scotti 
(Wilckens, 1910) (p. 57, pl. 3, fig. 2a, b; Zinsmeister 
and Macellari, 1988, p. 273, figs. 9.5, 9.6) from the 
late Maastrichtian of Seymour Island is not a closely 
related form, as the umbones are nearly central and the 
ornamentation is of much more pronounced commar- 
ginal ribs. The Tertiary South American species, Lu- 
cina promaucana Philippi, 1887 (p. 175, pl. 24, fig. 6; 
see Ortmann, 1902, pp. 130-131, pl. 27, fig. 4a, b), is 
also a closely related form and may be congeneric, 
differing from the Paleocene Antarctic species in hav- 
ing a longer anterodorsal margin and more projecting 
umbones. 


Etymology.—Species named for its endemic pres- 


ence in Antarctica and from the Greek plewron (equiv- 
alent to “rib, side’’) for its closely spaced, commar- 
ginal riblets. 


Family THYASIRIDAE Dall, 1901 
Genus THYASIRA Leach in Lamarck, 1818 


Type species (by original designation).—Amphides- 
ma flexuosa Lamarck, 1818. 


Thyasira austrosulca, new species 
Plate 3, figures 14—17 


Diagnosis.—Minute, moderately inflated, subcircu- 
lar thyasirid (maximum height 5.5 mm), umbones 
strongly prosogyrous; posterior sulcus strongly devel- 
oped, situated nearly flush with posterior margin; shell 
polished with poorly developed ornamentation of com- 
marginal threads that increase in strength slightly from 
umbones to ventral margin. 

Description.—Shell small for genus and family (up 
to 5.5 mm high), thin, moderately inflated, subcircular; 
length to height ratio nearly 1:1; umbones small, 
slightly pointed, situated centrally along dorsal mar- 
gin; strongly prosogyrous, anterodorsal margin steeply 
sloping, short, very gently concave, merging with 
strongly convex anterior margin; posterodorsal margin 
with strong sulcation, positioned nearly flush with pos- 
terior margin about 10% of distance of length of shell 
from posterior margin; posterior margin moderately 
long, only marginally convex, merging with bluntly 
truncated sulcation; outer margins of posterior sulcus 
gently concave; ventral margin well-rounded, convex; 
shell polished, mostly smooth, apart from very weak 
ornamentation of many, commarginal threads, increas- 
ing in strength slightly from umbones to ventral mar- 
gin, where they become a bit more spaced and un- 
equal; hinge and inner details unknown. 

Dimensions.—Holotype USNM 517013, length 5.3 
mm, height 5.5 mm; paratype USNM 517015, length 
5.3 mm, height 4.5 mm. 

Types.—Holotype USNM 517013, paratype USNM 
517015. 

Locality.—1519 (type). 

Material examined.—Two specimens. 

Stratigraphic range.—1073 m. 

Discussion.—This new small thyasirid bivalve is 
represented by one articulated specimen and also by a 
slightly decorticated left valve. Thyasira austrosulca 
n. sp. has no recorded close relative in the Cenozoic 
record of Antarctica, and seems to be most closely 
allied to a Recent circum-Antarctic species, 7. dear- 
borni Nicol, 1965 (p. 79, pl. 8, figs. 1, 2; Nicol, 1966, 
p. 62, figs. 7, 8; Dell, 1964, p. 207, fig. 4, nos. 10, 11; 
Dell, 1990, p. 56, figs. 91, 92), found today in depths 
between 351 and 836 m. Thyasira austrosulca is a bit 
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smaller and has a slightly broader posterior sulcus 
compared with 7. dearborni, but there is little else to 
distinguish these closely related forms. In all likeli- 
hood, 7. austrosulca is the ancestor of 7. dearborni. 
Dell (1990) noted intraspecific variation in the mor- 
phology of the posterior sulcus in 7. dearborni, but 
we can find no differences in the two specimens of T. 
austrosulca. Another closely related Austral species is 
Thyasira sp. of Darragh (1994, p. 89, fig. 4P. Q) from 
the mid-Paleocene of Australia, which reaches a length 
and height of 7.2 mm. Thyasira sp. of Darragh (1994) 
has a more circular, slightly larger shell and a margin- 
ally weaker sulcus compared with the Paleocene Ant- 
arctic species, but again there is little to differentiate 
these taxa, which are seemingly from the same stock. 
Thyasira austrosulca may be separated from the Maas- 
trichtian 7. townsendi White from the Lopez de Ber- 
todano Formation by its small size and the absence of 
a broad, very deep sulcus that characterizes the pos- 
terioventral margin of 7. townsend. 
Etymology.—Species named for its Austral occur- 
rence and from the Latin sulcus (equivalent to “‘fur- 
row, groove’’) for its prominent posterior sulcus. 


Superfamily CARDIOIDEA Lamarck, 1809 
Family LAHILLIIDAE Finlay and Marwick, 1937 
Genus LAHILLIA Cossmann, 1899 


Type species (by subsequent designation, Finlay and 
Marwick, 1937).—Amathusia angulata Philippi, 1887. 


Lahillia larseni (Sharman and Newton, 1897) 
Plate 2, figures 11-14 


Cyprina larseni Sharman and Newton, 1897, pp. 59-60. pl. 1. 

Lahillia lusia Wilckens, 1910, pp. 58-63, pl. 3, figs. 4, 5, 6, 7a—c, 
11; Zinsmeister and Macellari, 1983, p. 68, fig. 2, B3. 

Lahillia larseni (Sharman and Newton). Zinsmeister and Macellari, 
1988, pp. 276-277, figs. 15.1-S. 


Dimensions.—USNM 405803, length 105 mm, 
height 94 mm, width of paired valves 72 mm. 

Type.—Holotype IGS 4053. 

Type locality.—No locality given by Sharman and 
Newton (1897) other than Seymour Island. 

Localities.—9, 477, 485, 496, 631, 757, 776, 777, 
(7S MVIZOl VI3Bie W345 11355 1136; 1137, 1148, Lier, 
1192, 1430, 1431, 1432, 1435, 1473, 1499, 1501, 
1504 ISOS 1529 ASS 1532. 

Material.—110 specimens. 

Stratigraphic range.—867 to 1200 m. 

Discussion.—Lahillia larseni was originally de- 
scribed by Sharman and Newton (1897) from a me- 
dium-sized paired-bivalved specimen collected by 
Captain A. Larsen during his first visit to Seymour 
Island during the austral summer of 1892—93. Since 
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the material Sharman and Newton had previously de- 
scribed from Seymour Island was Tertiary and they 
were not aware of Cretaceous strata on the island, they 
assumed that the undescribed species of Lahillia was 
also of Tertiary age. The existence of Cretaceous age 
sediments was not recognized until the Swedish South 
Polar Expedition at the beginning of the 20th century. 
As a consequence, Sharman and Newton referred L. 
larseni to the Tertiary, which Wilckens (1911) fol- 
lowed. Wilckens (1911) referred the Cretaceous spe- 
cies collected by the Swedish South Polar expedition 
to the South American species L. /usia. Examination 
of Larsen’s specimen and the collection of a large 
number of additional specimens from the Eocene La 
Meseta Formation has revealed that Larsen’s specimen 
is distinct from the Eocene species. Comparison of the 
Sharman and Newton specimen with the Maastrich- 
tian/Danian Lahillia clearly shows the two to be con- 
specific. It is also clear that the Seymour Island species 
is distinct from the L. /usia from Patagonia (Zins- 
meister and Mascellari, 1988). As a consequence, the 
specific name L. larseni is now applied to the Maas- 
trichtian/Danian species of Lahillia in the Lopez de 
Bertodano and Sobral formations. The eroded nature 
of the shell together with extensive fieldwork on Sey- 
mour Island suggest that the specimen of L. larseni 
that Larsen found most likely was found on the beach 
north of Penguin Point. Eroded Cretaceous fossils are 
occasionally encountered along the beach in this area. 
This is the area where Larsen and his men landed on 
their first visit to the island. 

Lahillia larseni makes its first appearance in unit 8 
of the Lopez de Bertodano Formation and though pre- 
sent at most localities, it forms a relatively minor com- 
ponent of the molluscan fauna. In the lowermost Dan- 
ian, immediately above the ““K-T Glauconite,” the 
abundance of L. larseni increases dramatically and is 
characterized by floods of thousands of individuals. 
This sudden increase in abundance is believed to re- 
flect the opportunistic nature of the species. The ab- 
sence of competition following the mass extinction at 
the end of the Cretaceous enabled L. larseni to become 
the dominant element in the shelf faunas in the Sey- 
mour Island region during the earliest Danian. With 
the diversification and appearance of new benthic taxa, 
the floods of lahillia disappeared. Although L. larseni 
remains an important element of the Danian shelf fau- 
nas in the Seymour Island region, the floods of thou- 
sands of individuals are restricted to the interval dur- 
ing the period immediately following the extinction 
event. 


Lahillia huberi Zinsmeister and Macellari, 1988 
Plate 3, figures 1, 2 
Dimensions. —USNM 405817, length 71 mm, 
height 64 mm, width of paired valves 44 mm. 
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Types.—Holotype USNM 405817; paratypes 
USNM 405818, 405819. 

Localities.—9, 496, 631, 746 (type), 1136, 1148, 
1192, 1698. 

Material.—41 specimens. 

Stratigraphic range.—1134 to 1179 m. 

Discussion.—Lahillia huberi may be distinguished 
from L. larseni by its smaller size, subtrigonal shell 
outline, orthogyrate beaks, and an only moderately 
concave anterior margin. The nymph of L. /arseni is 
considerably more massive, longer, and extends above 
the margin of the valves. 


Suborder ARCTICINA Newell, 1965 
Superfamily VENEROIDEA Refinesque, 1815 
Family VENERIDAE Rafinesque, 1815 
Subfamily PITARINAE Stewart, 1930 
Genus MARWICKIA Finlay, 1927 


Type species (by original designation).—Finlaya 
parthiana Marwick, 1927. 


Marwickia woodburnei Zinsmeister and Macellari, 
1988 
Plate 3, figures 3-6 
Astarte ct. A. venatorum Wilckens, 1910, pp. 49-50, pl. 2, figs. 28a, 


b, not figs. 29 a, b. 


Dimensions.—USNM 405804, length 30 mm, 
height 29 mm, width of paired valves 16 mm. 

Types.—Holotype USNM 405804; paratypes 
USNM 405805, 405834. 

Localities.—9 (type), 746, 1130, 1131, 1134, 1135, 
1136, 1137, 1138, 1139, 1148, 1149, 1189, 1414, 
1432, 1434, 1435, 1448, 1467, 1502, 1504, 1507, 
15035, S10; W529 slS3 0 153i 53261533. 1934, 
1536; 15875 1538, 15869 15895 1695, 1697; 

Material.—137 specimens. 

Stratigraphic range.—1052 to 1216 m. 

Discussion.—Venerid bivalves are rare in the Lopez 
de Bertodano and Sobral formations and are charac- 
terized by a similar inflated ovate shell. Species are 
separated by variation of the hinge elements. Wilckens 
(1910) tentatively referred specimens from SSPE lo- 
cality 8 on Snow Hill Island and SSPE 9 on Seymour 
Island to the genus Astarte. Zinsmeister and Macellari 
(1988) believed that the assignment of the specimens 
from Seymour Island to Astarte was based on the as- 
tarte-like hinge of the fragmented specimens from 
Snow Hill Island. The presence of an anterior lateral 
tooth on specimens from Seymour Island clearly 
shows that they belong to the venerid subfamily Pi- 
tarinae and not in the family Astartidae. Marwickia 
woodburnei is easily separated from the Maastrichtian 


venerid species Cyclorisma chaneyi Zinsmeister and 
Macellari, 1988, by the presence of an elongated an- 
terior lateral and by a more centrally located umbone. 
Order MYOIDA Stoliczka, 1870 
Suborder MYINA Stoliczka, 1870 
Superfamily HIATELLOIDEA Gray, 1824 
Family HIATELLIDAE Gray, 1824 
Genus PANOPEA Menard de la Groye, 1807 
Mya glycimeris Born, 1778. 


Type species. 


Panopea clausa Wilckens, 1910 
Plate 3, figures 20—22 
Panopea (Pleuromya?) clausa Wilckens, 1910, 68—69, pl. 3, figs. 

10a, b. 

Panopea clausa Wilckens. Woods, 1917, p. 33, pl. 18, figs. 6a, b, 

7; Freneix, 1958, p. 343, pl. 3, fig. 6; Warren and Speden, 1978, 

p. 40, fig. 26-13; Zinsmeister and Macellari 1988, pp. 280-282, 

figs. 16.1-3. 

Localities.—458, 459, 757, 769, 776, 1116, 1146, 
1176, 1178, 1180, 1190, 1426, 1471, 1476, 1489, 
1492, 1540, 1584, 1595, 1614, 1615, 1620, 1622. 

Material.—15 specimens. 

344 to 1056 m. 

Discussion.—Although Panopea clausa is not a 
common bivalve and is not represented by a large 
number of individuals, it does have an extensive range 
through all the Maastrichtian on Seymour Island and 
finally disappears in the earliest Danian in the “K-T 
Glauconite” fish bed horizon. Surprisingly, P. clausa 
or related species of Panopea are not present in either 
Danian of Unit 10 or the Sobral Formation. The genus 
reappears in the Eocene La Meseta formation at the 
north end of the island. 


Stratigraphic range. 


Subclass ANOMALODESMATA Dall, 1889 
Order PHOLADOMYOIDA Newell, 1965 
Superfamily PANDOROIDEA Rafinesque, 1815 
Family PERIPLOMATIDAE Dall, 1895 
Genus PERIPLOMA Schumacher, 1817 


Type species (by monotypy).—Corbula margarita- 
cea Lamarck, 1801. 


Periploma, new species 
Plate 3, figures 18, 19 


Description.—Shell moderate-sized for family and 
genus (25.0 mm long), thin, slightly inflated, obliquely 
subovate, attenuate and compressed anteriorly; nearly 
equivalved; inequilateral; umbones small, scarcely in- 
flated, prosogyrous; anterodorsal margin short, mod- 
erately sloping, straight, merging with obliquely trun- 
cated anterior margin; posterodorsal margin moderate- 
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ly long, gently sloping, broadly convex, merging with 
well-rounded posterior margin; ventral margin strong- 
ly convex; ornamentation of low, rounded, closely 
spaced, commarginal riblets, growing in strength only 
slightly towards ventral margin; posterior gape only 
slightly developed; internal details unknown. 
Dimensions.—USNM_ 517014, length 25.0 mm, 
height 21.8 mm, width of paired valves 9.5 mm. 
Locality. —1138, 1484, 1519, 1538. 
Material examined.—Four specimens. 
Stratigraphic range.—1051 to 1104 m. 
Discussion.—This new species represents a member 
of the Periplomatidae, and is tentatively assigned to 
Periploma Schumacher, 1817, as it has the character- 
istic thin, obliquely subovate shell with an attenuate, 
compressed and slightly truncated anterior end; slight- 
ly gaping posterior end; small umbones; and closely 
spaced commarginal riblets, comparable to Cenozoic 
members of the family and genus. In outline, no other 
Antarctic fossil or Recent form approaches Periploma? 
n. sp. Periploma topei Zinsmeister, 1984 (pp. 1525— 
1526, fig. 1OR G; Stilwell and Zinsmeister, 1992, p. 
89, pl. 10, fig. e, I) and Periploma n. sp.? cf. P. topet 
Zinsmeister of Stilwell (2000, p. 290, pl. 5, fig. G) 
from the middle Eocene of Seymour Island and Mc- 
Murdo Sound have much larger, more compressed and 
obliquely ovate shells, compared with Periploma? n. 
sp. Periploma topei is doubtfully the descendant of 
Periploma? sp. Thracia subgracilis (Whitfield, 1880) 
(p. 419, pl. 11, figs. 29-30; Stanton, 1920, pp. 26-27, 
pl. 3, figs. 4a, b, Sa, b, Anatina; Cvancara, 1966, pp. 
357-358, pl. 9, figs. 19, 20, Laternula?) from the Pa- 
leocene of North America has a similar outline and 
sculpture, more so than any other coeval forms from 
the Northern or Southern Hemisphere, except that 7. 
subgracilis has a slightly less circular shell with a cor- 
responding more convex posterodorsal margin and 
marginally more attentuate anterior margin, compared 
with Periploma? n. sp. The genus-level assignment of 
T. subgracilis is in a state of flux. The compressed 
nature of both 7. subgracilis and Periploma? n. sp. is 
identical. Of note, Thracia subgracilis doubtfully be- 
longs in Thracia, and is most likely a member of Per- 
iplomatidae. 


Class GASTROPODA Cuvier, 1797 
Subclass STREPTONEURA Spengel, 1881 
Order ARCHAEOGASTROPODA Thiele, 1925 


Suborder PLEUROTOMARIINA Cox and Knight, 
1960 


Superfamily PLEUROTOMARIOIDEA Swainson, 
1840 


Family PLEUROTOMARIIDAE Swainson, 1840 
Genus CONOTOMARIA Cox, 1959 


Type species (by original designation).—Pleuroto- 
maria mailleana d Orbigny, 1843. 


Conotomaria species A 
Plate 4, figures 1, 2 


Description.—Shell large with maximum diameter 
to 106.7 mm, thin (0.9 mm at base of last whorl), 
trochiform, broadly conical, as broad as high; spire 
angle ~69.8°; 7% whorls preserved; region between 
suture and selenizone convex; region between seleni- 
zone and periphery straight; suture abutting below pe- 
ripheral keel; selenizone moderately broad (5.6 mm; 
0.15 ramp width), entirely below peripheral keel, flush 
to slightly convex; sculpture of fine spiral cords stron- 
gest at shoulder, 10-12 between selenizone and suture, 
along keel; base very weakly convex with only axial 
growth lines; periphery with pronounced keel: colu- 
mellar callus thin, nacreous, spanning 0.25 mm base 
radius; aperture ovate (height/width = 0.69 mm); um- 
bilicus deep and narrow. 

Dimensions.—USNM 511842, height 62.5 mm, di- 
ameter of last whorl 106.7 mm. 

Localities.—9, 1105, 1535. 

Material.—Three specimens. 

Stratigraphic range.—1077 to 1169 m. 

Discussion.—This species, assignable to Conoto- 
maria, differs from Pleurotomaria tardensis Stanton, 
1901 (pp. 29-30, pl. 7, figs. 1, 2), from the Upper 
Cretaceous Belgrano Beds of Argentina (Patagonia), 
in having a higher spire, thinner and much larger shell, 
narrower selenizone, lack of spiral sculpture on the 
base of the shell, presence of a sharp peripheral keel, 
and in having a narrower and thinner columellar cal- 
lus. It is also distinguished from Perotrochus? larsen- 
iana (Wilckens, 1910), from the late Maastrichtian and 
early Paleocene of Seymour Island, in having a more 
angular outline, convex whorls, broader umbilicus, and 
position of selenizone on the mid-whorl, as well as the 
presence of thin, but prominent spiral threads. Cono- 
tomaria sp. A is closely allied with the Cretaceous 
type species, C. mailleana (d’Orbigny, 1842) (pp. 
253-254, pl. 195), from France, but has slightly more 
convex whorls, a less distinct selenizone, and a slightly 
less developed peripheral keel. 


Conotomaria species B 
Plate 4, figures 3, 4 


Description.—Shell small (maximum diameter of 
last whorl 44.8 mm), relatively thick (1.2 mm on ramp 
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of last whorl), trochiform, broadly conical, extrapolat- 
ed to be broader than high; spire angle ~86.4°; three 
whorls preserved: region between suture and seleni- 
zone and periphery straight to concave; suture abutting 
below peripheral keel; selenizone moderately broad 
(1.8 mm; 0.16 mm ramp width), spanning mid-whorl; 
sculpture of numerous, thin, spiral cords (8 between 
suture and selenizone, 3 on selenizone, 6 between se- 
lenizone and periphery) and fine, oblique growth lines; 
periphery with prominent rounded keel; base poorly 
preserved, weakly convex, with fine spiral cords; shell 
anomphalous, with remains of strong columellar cal- 
lus; aperture narrowly ovate, height to width ratio of 
0.40:1. 

Dimensions.—USNM 511843, height 32.5 mm, di- 
ameter of last whorl 44.8 mm. 

Locality.—9. 

Material.—Four specimens. 

Stratigraphic occurrence.—1168 m. 

Discussion.—This small species is very distinct 
among all other Pleurotomartidae on Seymour Island, 
in having a comparatively small size, distinctly angu- 
lated appearance, and prominent spiral sculpture. It 
also has a significantly thicker shell, in proportion to 
the size. In outline and size, Conotomaria sp. B is 
comparable with Pleurotomaria gurgitis Brongniart in 
Cuvier and Brongniart, 1822 (p. 96, pl. 9, fig. 7A, B; 
d’Orbigny, 1842, pp. 249-250, pl. 192, figs. 4-6) from 
the Gault region, France, but the whorls in Conoto- 
maria sp. B are slightly more flush and less convex, 
and the ornamentation is a bit weaker, compared with 
P. gurgitis. The specimen figured in Cuvier and 
Brongniart (1822) (see especially pl. 9, fig. 7A) is 
higher spired with no details of a selenizone. 


Conotomaria species C 
Plate 4, figures 5, 6 


Description.—Shell medium- to large-sized (maxi- 
mum diameter of last whorl 89.2 mm), thick (~1.3 
mm on ramp of last whorl), broadly conical, slightly 
broader than high; spire angle ~81.9°; 8.5 whorls pre- 
served; region between suture and selenizone convex, 
between selenizone and periphery straight to slightly 
convex; suture shallow, canaliculate; selenizone mod- 
erately broad (2.7 mm, 0.18 mm ramp width), slightly 
concave spanning mid-whorl; sculpture of thin, raised 
cords (from 7 on juvenile specimen to 16-18 on 
adults) between suture and selenizone, from 6—7 on 
juvenile to 11-12 on adults between selenizone and 
periphery, and fine, oblique growth lines; periphery 
marked with prominent angulated shoulder; base 
weakly convex, with fine spiral cords and axial growth 
lines; remains of the columellar callus nacreous and 


thin; umbilicus closed; aperture broad, roundly rect- 
angular. 

Dimensions.—USNM 511844, height 69.0 mm, di- 
ameter of last whorl 86.9 mm. 

Material.—Eight specimens. 

Localities.—9, 746, 1104, 1149. 

Stratigraphic range.—1052 to 1375 m. 

Discussion.—This species closely resembles Cono- 
tomaria sp. A. It differs, however, in having a broader, 
distinctly concave selenizone, canaliculated suture, 
thicker shell, presence of spiral threads on the base, 
generally lower and more compressed spire, closed 
umbilicus, and broader subrectangular aperture. As 
with Conotomaria sp. A and B, this species is left in 
open nomenclature until better preserved specimens 
are collected. 


Order PATELLOGASTROPODA Lindberg, 1986 
Suborder DOCOGLOSSA Troschel, 1866 
Superfamily PATELLOIDEA Rafinesque, 1815 
Family ACMAEIDAE Carpenter, 1857 
Genus ACMAEA Eschscholtz, 1830 


Type species (by subsequent designation).—Acmaea 
mitra Eschscholtz, 1833. 

Discussion.—Acmaea species are characterized by 
variably smooth or radially ribbed limpet-like shells 
with generally an ovate outline and subcentral apex 
(Abbott, 1974, p. 28; see Lindberg, 1988). The geo- 
logic range of Acmaea is Cenomanian to Recent 
(Dockery, 1993, p. 43), although some workers sug- 
gest that fossil Acmaea-like gastropods belong else- 
Where (Lindberg, 1988; W. Ponder, personal commu- 
nication, 2001). The range of the group in Antarctica 
is restricted to the latest Cretaceous to the earliest Pa- 
leocene on Seymour Island. 


Acmaea submesidia, new species 
Plate 5, figures 1—4 


Acmaea n. sp. 2 Zinsmeister et al., 1989, p. 733, fig. 2. 


Diagnosis.—Somewhat small Acmaea species with 
a maximum shell diameter of just over 10 mm and a 
thin, ovate shell of 0.5 mm thick; apex, although sub- 
central, is more anterior, located about a quarter of the 
length of shell from anterior margin; differs from type, 
A. mitra, in having a less elevated shell, a more ovate 
outline and more anteriorly situated apex. 

Description.—Shell relatively thin, porcelaneous, 
ovate with maximum diameter of just over 10 mm; 
conic in shape with rounded base; apex strongly ele- 
vated and pointed, but not sharply so, subcentral, sit- 
uated approximately a quarter of length of shell from 
anterior margin; surface of shell smooth, as is interior; 
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muscle scars broadly crescent-shaped, connected by 
thin anterior line which is elevated above the base. 
Dimensions.—Holotype USNM 511846, length 14.5 
mm, maximum diameter 15.5 mm, height 7.5 mm; 
paratype USNM 511847, length 7.25 mm, maximum 
diameter 6.0 mm, height ~3.5 mm. 
Types.—Holotype USNM 511846; paratype USNM 
511847. 
Localities. 477, 1131, 1534, 1548, 1560 (type). 
Stratigraphic range.—1058 to 1074 m. 
Material.—23 mostly decorticated specimens. 
Discussion.—Acmaea submesidia n. sp. 1s curiously 


quite distinct from Acmaea n. sp. of Zinsmeister 


(1990, fig. 1) from the uppermost Lopez de Bertodano 
Formation, and lacks the crenulate margin present in 
the older latest Maastrichtian species. Acmaea sub- 
mesidia n. sp. is smaller, less rounded in outline and 
has a more anterior apex. 

Etymology.—Species named from the Greek mesi- 
dios (equivalent to “‘middle”’) for its subcentrally lo- 
cated apex. 


Order CAENOGASTROPODA Cox, 1959 
Suborder NEOTAENIOGLOSSA Haller, 1892 
Superfamily CERITHIOIDEA Fleming, 1822 

Family CERITHIIDAE Fleming, 1822 
Genus BITTIUM Gray, 1847 


Type species (by subsequent designation, Gray, 
1847).—Murex reticulatus Montagu (= Strombiformis 
reticulatus Da Costa, 1778). 


Subgenus BITTIUM sensu stricto 


Bittium (Bittium?) paleonotum, new species 
Plate 5, figure 5 


Cerithium n. sp. Zinsmeister, 1998a, p. 565, fig. 9. 


Diagnosis.—Moderately sized Bittium species with 
high spire of at least 8 well-rounded convex whorls, 
and spire angle of some 22°; sculptural configuration 
of approximately 25 somewhat clathrose, pustule-bear- 
ing axial ribs and 7 closely spaced spirals with inter- 
stitial threads; differs from closely related B. antarc- 
tonodosum Stilwell and Zinsmeister, 1992, in having 
a slightly smaller shell, more pronounced clathrose 
sculpture, more spirals, and more impressed sutures. 

Description.—Shell medium-sized for genus (~18 
mm high), rather thin- to medium-shelled, high-spired 
turritelliform; spire high, consisting of at least 8 mod- 
erately rounded, inflated, convex, and slightly com- 
pressed whorls; sutures impressed; spire whorl infla- 
tion mostly constant; spire angle ~22°; protoconch de- 
tails unknown; last whorl incomplete, but moderately 
inflated and convex; growth lines weakly developed, 


opisthocyrt; ornamentation of ~25 moderately strong 
nodulose axial ribs extending from suture to suture and 
7 closely and evenly spaced, moderately strong spirals 
and fine interstitial spiral threads, most abapical rib 
subsuturally the weakest; sculpture attains a somewhat 
clathrose pattern with the even crossing of axials and 
spirals, creating weakly nodulose ribs; aperture details 
wanting on holotype. 

Dimensions.—Holotype USNM 511848, height 18.0 
mm nearly complete, diameter of last whorl 6 mm. 

Type.—Holotype USNM 511848. 

Type locality.—1581. 

Material.—One specimen. 

Stratigraphic range.—1165 m. 

Discussion.—Bittium (Bittium?) paleonotum n. sp. 
was collected in association with a dense coral colony 
and is represented solely by the partially decorticated 
holotype. Despite the imperfect nature of the holotype, 
the preserved features of this cerithioid gastropod 
compare well with Bittium Gray, 1847, which is char- 
acterized by high-spired shells with dominant axial 
ribs that are overridden by spiral riblets or threads that 
are swollen into beads, creating a moderately strong 
clathrose pattern. Bittium (Bittium?) paleonotum n. sp. 
is apparently closely related to B. antarctonodosum 
Stilwell and Zinsmeister, 1992 (p. 98, pl. 12, figs. c, 
d), from Unit V of the La Meseta Formation on Sey- 
mour Island, differing in having a slightly smaller 
shell, fewer spirals, and slightly less impressed sutures. 
The clathrose sculpture is stronger in B. paleonotum 
n. sp. Although the subgenus is in question, B. (B.?) 
paleonotum n. sp. is strikingly similar to many extant 
North American species of the genus (see Abbott, 
1974, pp. 106-107, figs. 1012-1031). We know of no 
other Paleocene species of the genus in the Southern 
Hemisphere apart from B. (B.?) paleonotum n. sp. 

Etymology.—Species named from its early occur- 
rence in the fossil record of Antarctica and from the 
Greek notos (equivalent to “‘south’’). 


Subgenus ZEBITTIUM Finlay, 1927 

Type species (by original designation).—Cerithium 
exilis Hutton, 1873. 

Discussion.—The presence of Bittium (Zebittium) in 
the Sobral Formation of Seymour extends the range 
from the middle Eocene of Antarctica and New Zea- 
land (Stilwell and Zinsmeister, 1992) to the earliest 
Paleocene. Bittium (Zebittium) is rather common today 
in shallow to deep (up to 260 m) New Zealand waters 
(Powell, 1979, p. 132). 


Bittium (Zebittium) brooksi, new species 
Plate 5, figures 11—15 
Diagnosis.—Moderately sized, high-spired Bittium 
(Zebittium) with a spire of 6 convex whorls, orna- 
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mented with 12—13 sinuous axial ribs and 6—7 spiral 
threads, that create weak clathrose pattern, but axials 
still stronger than spirals; aperture ovate to subrhom- 
boid with poorly developed canal; differs from Recent 
type species, B. (Z.) exile (Hutton, 1873), in having 
less impressed sutures, more spirals, and rounded, op- 
isthocyrt-trending axials. 

Description.—Shell average-sized for genus, but 
small for family (~6.5 mm high), moderately robust, 
high-spired turritelliform; spire relatively high with at 
least 6 moderately convex, moderately compressed, 
well-rounded whorls; spire angle approximately 27°; 
whorl inflation gradual from early teleoconch whorls 
to last whorl; sutures impressed; protoconch details 
eroded in available material; last whorl slightly inflat- 
ed, ornamented with 12—13 poorly developed, sinuous 
axial ribs with an apex situated midway on the last 
whorl at maximum diameter or outer periphery, and 
~13 narrowly and semi-equally spaced spiral threads; 
adapical slope on last whorl steep, short; axials on last 
whorl weaker than on teleoconch whorls; growth lines 
weak and strongly opisthocyrt; teleoconch whorls with 
6-7 spiral threads, including sutural and subsutural 
ones, and opisthocyrt-trending axials; the crossing of 
axials and spiral create a weakly clathrose pattern of 
poorly developed nodulose ribs; basal constriction 
generally gradual: aperture small, ovate to subrhom- 
boid-shaped, with a poorly developed and very weak 
notch; columella smooth, short, concave; outer lip thin. 

Dimensions.—Holotype USNM 511849, height 4.5 
mm incomplete, diameter of last whorl 2.25 mm; para- 
type USNM 511850, height 4.5 mm incomplete, di- 
ameter of last whorl ~2.3 mm; paratype USNM 
511851, diameter of last whorl (apertural view) ~2.25 
mm; paratype USNM 511852, height of shell 4.0 mm 
incomplete (showing aperture and sectioned whorls); 
paratype USNM 511853, height of spire fragment 3.5 
mm; paratype USNM 511910, length of block with 
many specimens, ~68 mm. 

Types.—Holotype USNM_ 511849; paratypes 
USNM 511910, 511850—511853. 

Type locality.—1535 (type locality), 1537. 

Material.—Several hundred mostly incomplete 
specimens. 

Stratigraphic distribution.—1078 to 1099 m. 

Discussion.—Bittium (Zebittium) brooksi n. sp. 
from the Sobral Formation is not only the earliest 
member of this Austral cerithiid group, but is also the 
most abundant of Antarctic Paleocene mollusks with 
dense nearly monotypic concentrations of these gas- 
tropods present at Loc. 1535. As the minute shell of 
B. (Z.) brooksi is rather fragile, no complete specimen 
with protoconch preserved is available for study. How- 
ever, enough characters are preserved in the type ma- 


terial to enable us to easily differentiate this early spe- 
cies with other members of the group. Bittium (Zebit- 
tium) brooksi 1s a distinct member of this subgenus, 
as the axial ribs are generally just slightly more de- 
veloped than the spirals, which is generally not the 
case in most species of Bittium (Zebittium), in which 
the spirals tend to dominate the axials resulting in a 
relatively weaker or obsolete nodulation (Powell, 
1979p. 132): 

The Recent type species, B. (Z.) exile (Hutton, 1873) 
(p. 27; Powell, 1979, p. 132, fig. 32-1) is strikingly 
similar to B. (Z.) brooksi n. sp., and differs predomi- 
nantly in whorl shape and minor sculptural differences. 
Bittium (Zebittium) brooksi is slightly larger with less 
impressed sutures and has more spirals that are also 
less nodulose, compared to B. (Z.) exile. The whorl 
outline of B. (Z.) brooksi is more reminiscent of the 
Recent New Zealand (Three Kings Islands) species, B. 
(Z.) editum (Powell, 1930) (see Powell, 1979, p. 132, 
pl. 29, fig. 15), with a steep subsutural adapical slope, 
but the axials in the Antarctic species are more pro- 
nounced and opisthocyrt. 

The only other Antarctic species of Bittium (Zebit- 
tium), B. (Z.) granchii Stilwell and Zinsmeister, 1992 
(p. 98-99, pl. 12, figs. 1, m), from Unit V of the La 
Meseta Formation, is quite distinct from, and probably 
not closely related to, Z. (B.) brooksi, as the Sobral 
Formation species is much smaller with more but 
weaker spirals, and has more impressed sutures. A lin- 
eage from B. (Z.) brooksi to B. (Z.) granchii is un- 
likely. 

Etymology.—Species named for Velma May Brooks 
Paris for her continued support of WJZ over the years. 


Family TURRITELLIDAE Woodward, 1851 
Subfamily TURRITELLINAE Woodward, 1851 
Genus TURRITELLA Lamarck, 1799, p. 74 


Type species (by monotypy).—Turbo terebra Lin- 
naeus, 1758. 


Subgenus HAUSTATOR Montfort, 1810 


Type species (by original designation).—Haustator 
gallicus Montfort, 1810 (= Turritella imbricataria La- 
marck, 1804). 

Discussion.—Genus-level systematics and nomen- 
clature in turritellines are as yet unresolved and in a 
state of flux (Allmon, 1996). We have therefore chosen 
to use the generic name Turritella s.1. Only one spec- 
imen of a turritelline was collected from the Sobral 
Formation and it is incomplete. This specimen, USNM 
511854, has characteristic features of generally flat- 
tened to very gently convex and solid whorls, weakly 
impressed sutures, and strong spiral sculpture, similar 
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to Turritella (Haustator), type species Turritella 
(Haustator) gallicus (Montfort, 1810), but it is as- 
signed to Turritella (Haustator?) until better material 
is obtained. 


Turritella (Haustator?) parisi, new species 
Plate 5, figure 17 


Turritella n. sp. Zinsmeister, 1998a, p. 565, fig. 9. 


Diagnosis.—Moderately sized turritellid with acute 
spire of more than 5 gently convex to nearly subquad- 
rate whorls, ornamented with dominantly spiral sculp- 
ture of 5 primary cords with excavated and gently 
wavy interspaces and a weak axial, nodulose compo- 
nent in early whorls; growth lines shallowly opistho- 
cyrt with apex of sinus in lower third of whorls; differs 
from Eocene type species, 7. (H.) imbricataria La- 
marck, in having a shorter spire, slightly stronger spi- 
ral cords, and broader opisthocyrt growth lines. 

Description.—Shell medium-sized for family, mod- 
erately thick, moderately high-spired turritelliform; 
spire moderately high to high of more than 5 subquad- 
rate, gently convex to nearly flush whorls; spire angle 
acute at approximately 23°; protoconch unknown; su- 
tures very slight impressed to almost flush; last whorl 
incomplete; spire whorls sculptured with 5 pronounced 
primary spiral cords that have slightly wavy, excavated 
interspaces, generally weakening only slightly adapi- 
cally; in early whorls a weakly nodulose axial com- 
ponent of poorly developed opisthocyrt-trending 
growth elements that become weaker on younger 
whorls where there are very fine growth lines; apex of 
growth lines on lower third of each whorl; base with 
rapid constriction that is nearly flat to gently convex: 
aperture incomplete, but remnants indicate a subquad- 
rate outline. 

Dimensions.—Holotype USNM 511854, height 16.0 
mm incomplete, diameter of last whorl 7.5 mm. 

Type.—Holotype USNM 511854. 

Type locality.—1716. 

Material.—Holotype. 

Stratigraphic range.—1066 m. 

Discussion.—The whorl profile, outline and sculp- 
ture of this new Antarctic turritellid, named here Tur- 
ritella (Haustator?) parisi, matches coeval and slightly 
younger Eocene species of Turritella (Haustator), type 
species 7. (H.) imbricataria Lamarck, 1804 (p. 216; 
Montfort, 1810, pp. 182-184, full-page woodcut (p. 
182); Cossmann, 1888, p. 300; see Wenz, 1939, pp. 
653-654, fig. 1860), from the middle Eocene of 
France, in having a relatively high-spired shell with 
subquadrate to gently convex, nearly flush, whorls. 
The sutures are, indeed, only weakly impressed to al- 
most flush in 7. (H.) imbricataria. The Antarctic spe- 


cies has these features and also the prominent spiral 
cords found in the type, but with respect to the growth 
lines the apex of the sinus is shallower than the type. 

Few other Paleocene taxa compare well with 7. 
(H.?) parisi n. sp. apart from the highly variable spe- 
cies T. (H.) nigeriensis Adegoke, 1977 (pp. 95—96, pl. 
16, especially fig. 7) from the Paleocene of Nigeria, 
but the Antarctic species has fewer and comparatively 
weaker spiral cords and less impressed sutures. There 
are no other related Antarctic turritellids. 

Etymology.—Species named in honor of Dr. David 
Paris MD for his untiring support of WJZ during the 
early years of his career. 


Subfamily PAREORINAE Finlay and Marwick, 
1937 


Genus MESALIA Gray, 1847 


Type species. (by original designation).—Cerithium 
mesal Adanson (= Turritella brevialis Lamarck, 
1822). 


Mesalia virginiae, new species 
Plate 5, figures 6—10 


Mesalia n. sp. B, Zinsmeister et al., 1989, p. 734, fig. 3. 


Diagnosis.—Moderately sized, high-spired, rather 
delicate thin-shelled Mesalia with at least 7 strongly 
unicarinate whorls, ornamented with 3—4 spiral cords 
and weaker, beaded, spiral threads on upper adapical 
half, strongest cord at peripheral angulation, becoming 
weaker abapically; growth lines broadly opisthocyrt; 
canal distinct, narrow and small, spout-like, twisted 
obliquely and abaxially. 

Description.—Shell medium-sized for genus (less 
than 30 mm high), relatively thin-walled, broadly 
high-spired of at least 7 strongly carinate, subquadrate, 
compressed whorls; spire angle 33°; protoconch in- 
complete, but apparently polygyrate of smooth, round- 
ed whorls; whorl inflation moderately rapid; sutures 
impressed; last whorl slightly to moderately inflated, 
strongly unicarinate with only spiral sculpture of 6 
marked spiral cords on lower abapical half of shell, 
the strongest cord at peripheral angulation, and weak, 
beaded, spiral threads on short steep, weakly concave, 
adapical ramp; teleoconch whorls ornamented with 
weak spiral threads on upper halves of whorls and 3 
to 4 moderately strong primary cords, cord at angu- 
lation the strongest, and quite weak secondary spiral 
threads; adapical slopes on teleoconch whorls steep, 
short; growth lines poorly developed, weak, closely 
spaced, broadly opisthocyrt; basal constriction rapid, 
culminating in a short, narrow, twisted, abaxially- 
trending, spout-like canal; aperture broadly D-shaped; 


30 BULLETIN 367 


columella short, mostly straight with narrow callus; 
outer lip thin. 

Dimensions.—Holotype USNM 511855, height 28.0 
mm, diameter of last whorl 13.5 mm; paratype USNM 
511911, height 21.5 mm, diameter of last whorl 16.5 
mm incomplete; paratype USNM 511912, height 29.5 
mm, diameter of last whorl 12.5 mm; USNM 511913, 
length of block of specimens 80.5 mm. 

Types.—Holotype USNM 511855; paratypes 
USNM 511911, USNM 511912, USNM 511913. 

Localities. 497, 746, 1104, 1139, 1548, 1591, 
1715 (type). 

Material.—20 specimens. 

Stratigraphic range.—1053 to 1375 m. 

Discussion.—Mesalia 1s recognized in the fossil re- 
cord of Antarctica for the first time, represented by the 
relatively rare occurrence of M. virginiae n. sp., except 
at locality 1139 where it occurs in large numbers. In 
the Southern Hemisphere, species of Mesalia are an 
uncommon element of Paleocene faunas. Mesalia vir- 
giniae n. sp. is easily distinguished from other coeval 
species in having strongly unicarinate whorls and a 
short, but distinct, spout-like siphonal canal that is 
twisted obliquely and abaxially. Mesalia sp. 1 and 2 
of Kollmann and Peel (1983, pp. 42—43, figs. 70, 71) 
from the Paleocene of Greenland have nearly the same 
outline with a similar spire angle, but the whorls are 
nearly flush with sculpture of even spiral cords. The 
canal is not nearly as distinct in the Greenland species. 
No unicarinate species are present in the Paleocene of 
Nigeria (Adegoke, 1977), and all have relatively reg- 
ular spiral sculpture. The Recent African type species, 
M. brevialis (Lamarck, 1822) (p. 58, not figured; 
Wenz, 1939, p. 651, fig. 1851; Abbott and Dance, 
1983, p. 59, figure upper left corner), has a much high- 
er spire, more rounded whorl profiles, a more rudi- 
mentary siphonal canal, and flatter spiral ribs, com- 
pared to M. virginiae. The phylogeny of M. virginiae 
is uncertain, as it disappeared from the Antarctic fossil 
record after the Paleocene. 

Etymology.—This species is named in honor of Dr. 
Virginia Ann Paris Zinsmeister for keeping the home 
fires going during my numerous trips to Seymour Island 
and for also providing support to JS and AO while they 
were graduate students at Purdue University. 


Superfamily STROMBOIDEA Rafinesque, 1815 
Family APORRHAIDAE Gray, 1850 
Genus STRUTHIOCHENOPUS Zinsmeister and 
Griffin, 1995 
Type species (by original designation).—Perissop- 
tera nordenskjoldi Steinmann and Wilckens, 1908. 


Discussion.—Struthiochenopus  Zinsmeister and 


Griffin, 1995, is one of few aporrhaid gastropods that 
survived the K-T boundary well into the Tertiary with 
species spanning Campanian to early Miocene time 
from Antarctica to South America (Chile, Argentina). 
In Antarctica, the group spans the Campanian to Pa- 
leocene interval, represented by S. nordenskjoldi 
(Wilckens) (Campanian), from Snow Hill Island (pos- 
sibly also Vega and James Ross islands), and S. hurleyi 
n. sp. (Wilckens, 1910) (latest Maastrichtian to Paleo- 
cene) of Seymour Island. 


Struthiochenopus hurleyi, new species 
Plate 5, figures 18—20; Plate 6, figures 1—6 


Perissoptera nordenskjoldi Wilckens, 1910, pp. 83-86, pl. 4, fig. 5 
only; Macellari, 1984, pl. 34, figs. 5-8; Zinsmeister and Macel- 
lari, 1983, fig. B4; Zinsmeister et al., 1989, p. 733, fig. 2, p. 734, 
fig. 3, p: 736, fig. 6. 

Aporrhaidae spp. Palamarczuk er al., 1984, p. 401. 

Struthiochenopus nordenskjoldi (Wilckens). Zinsmeister and Griffin, 
1995, pp. 699-700, fig. 3.11-3.19. 


Description.—Shell medium-sized with moderately 
low spire consisting of 7 to 8 convex whorls, spire an- 
gle 45° to 47°; protoconch of 2.5 smooth whorls with 
faint keel; keel strengthens rapidly becoming sharp on 
later whorls eventually merging with posterior digita- 
tion, second less pronounced more abapically keel de- 
veloped on body whorl, merges with anterior digitation; 
20 to 24 weak rounded nodes present on primary keel 
becoming obsolete on body whorl; shoulder posterior 
to primary keel flat merging with slightly impressed 
suture; medial portion of whorl between keels flat to 
concave; body whorl anterior to secondary keel drawn 
out into narrow siphon; surface covered with faint nar- 
row spiral threads; aperture elongated, pyriform with 
moderately long and straight canal; outer lip expanded 
into broad moderately thick wing, inclined at about 50° 
or more to shell axis; moderately broad shallow sinus 
along posterior margin of wing; primary keel merges 
with long curved posterior digitation; posterior digita- 
tion frequently dorsally curved; anterior digitation 
blunt, anteriorly oriented; posterior margin of wing be- 
tween posterior digitation and suture thickened; medial 
apertural surface of wing digitation thickened; inner lip 
of aperture covered with moderate callus. 

Dimensions.—USNM_ 405836, height 57.0 mm, 
width of last whorl without wing 16.0 mm (figured 
specimen). 

Types.—Holotype 405857; paratypes USNM 
405858, PU783/2. 

Localities.—9, 447, 497, 783, 1104, 1119, 1131, 
1134) 1135, W36s 1137) W148) 16 iso 20s; 
1430, 1431, 1433, 1434, 1435, 1442, 1456, 1467, 
1479, 1502, 1508; 1505; 1506; 15075 15083 ds10; 
15195) 15295 1531, 1532, 15345 W535) 1SsoNalasi: 
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ISS Siels485 is 74slisi 7s 1587. 1589) 160i, 1697, 
1698, 1699, 1700. 

Material.—327 specimens. 

Stratigraphic range.—1037 to 1375 m. 

Discussion.—Although Zinsmeister and Griffin 
(1995) referred all of the aporrhaid gastropods figured 
by Wilckens (1910) to S. nordenskjoldi, it is clear from 
the examination of Nordenskjold’s material that there 
are two distinct species. Wilckens’ figures 2, 3, and 4 
on plate 4 come from latest Campanian to early Maas- 
trichtian from Snow Hill Island while figure 5 without 
the wing is distinct and comes from the Danian of 
Seymour Island. This confusion stems from the fact 
that Andersson and Nordenskjold had only crude un- 
derstanding of the stratigraphic relationships between 
Snow Hill and Seymour islands and locality informa- 
tion was limited. Locality data concerning many of the 
fossils collected by Nordenskjold’s party prior to the 
arrival of Andersson in 1903 are absent and the strati- 
graphic horizon from which these fossils were col- 
lected can only be estimated from the nature of pres- 
ervation and the supposed track of the field parties to 
Seymour Island in 1902. It is now known that there 
are two horizons on Snow Hill and Seymour islands 
where Struthiochenopus occurs. 

The specimens referred to as S. nordenskjoldi in 
Wilckens (1910), figures 2—4, and Zinsmeister and 
Griffin (1995), figures 3.9 and 3.10, are from Snow 
Hill Island, where they typically occur as casts and 
molds in dark reddish brown concretions. Wilckens’s 
figure 3 actually shows a steinkern of S. nordenskjoldi 
in one of these concretions. His figures 2 and 4 are 
casts made from these steinkerns. It is interesting to 
note that the locality where this material was collected 
is only a short distance from Nordenskjold’s hut on 
Snow Hill Island and is probably the first fossil local- 
ity that Nordenskjold discovered on his arrival on the 
island. The two specimens figured by Zinsmeister and 
Griffin are latex molds from concretions collected by 
Zinsmeister from near Nordenskjold’s hut in a visit to 
Snow Hill Island in 1981. Struthiochenopus hurleyi n. 
sp., Wilckens’s figure 5 and Zinsmeister and Griffin’s 
figures 3.11—3.19, is restricted to the uppermost Maas- 
trichtian level of unit 9 of the Lopez de Bertodano 
Formation and the Danian unit 10 of the Lopez de 
Bertodano Formation and the Sobral Formation. 

Although Struthiochenopus hurleyi and S. norden- 
skjoldi are closely related, S. hurleyi is about two-thirds 
the size of S. nordenskjoldi. The shoulder of S$. norden- 
skjoldi is typically concave between the primary keel 
and the suture. In addition, the siphonal canal of S. 
nordenskjoldi is long and straight compared to the rel- 
atively shorter and curved siphon of S. hurleyi. 

It is possible that Rostellaria patagonensis von ther- 


ing, 1903 (p. 209, 221, not figured: 1904, pp. 13-14, 
fig. 11; 1907, p. 29), and R. chubutensis von Thering, 
1903 (p. 220, pl. 2, fig. 17; 1907, p. 29), from the 
Paleocene Roca and Salamanca formations of Pata- 
gonia belong to Struthiochenopus, but the poor pres- 
ervation of these taxa prevents an accurate assessment. 
The mostly smooth unicarinate teleoconch whorls that 
are ornamented with poorly developed axial ribs are, 
however, consistent with Struthiochenopus. 

The disjunct stratigraphic distribution of Struthioch- 
enopus on Snow Hill and Seymour islands is a bit 
surprising. Although the genus is absent throughout 
the Maastrichtian on Seymour Island except for its re- 
appearance in the uppermost part of unit 9 just below 
the K-T boundary, Austroaporrhais, another genus of 
aporrhaid gastropod, is extremely abundant throughout 
the late Maastrichtian, but disappears prior to the re- 
appearance of Struthiochenopus. Immediately follow- 
ing the K-T extinction, S. hurleyi becomes very abun- 
dant and remains a prominent element in the Danian 
molluscan assemblage on Seymour Island. 

Etymology.—This species 1s named in honor of phe- 
nomenal photographer, Frank Hurley, on Ernst Shack- 
leton’s ill-fated attempt to cross the continent of Ant- 
arctica. The photographs that Hurley took during the 
expedition are considered to be some of the finest ever 
taken in Antarctica. 


Family STRUTHIOLARIIDAE Fischer, 1887 


Genus ANTARCTODARWINELLA Zinsmeister, 
1976 


Type species (by original designation).—Antarcto- 
darwinella ellioti Zinsmeister, 1976. 

Discussion.—Presence of Antarctodarwinella in the 
Sobral Formation extends the stratigraphic range of 
this endemic characteristic struthiolariid into the early 
Paleocene. The heavily callused and globose nature of 
Antarctodarwinella is reminiscent of only one other 
struthiolariid gastropod, Conchothyra, recorded from 
the Campanian (or possibly Santonian) to Danian, of 
New Zealand. Although beyond the scope of this pa- 
per, the relationships between species of Conchothyra, 
Antarctodarwinella, and Australian Tylospira (espe- 
cially early forms such as 7. glomerata Darragh, 1991, 
from the early Miocene) require further assessment 
and clarification. The absence of Cretaceous struthio- 
lariids in the fossil record of Antarctica suggests that 
its dispersal from New Zealand was associated with 
the population of the shelf faunas along the southern 
Pacific margin during the recovery stage following the 
K-T boundary event. 
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Antarctodarwinella austerocallosa, new species 
Plate 6, figures 7—15 


Conchothyra or Antarctodarwinella sp. Palamarczuk et al., 1984, 
p. 401. 
Antarctodarminella n. sp. Stilwell, 2002, p. 404. 


Diagnosis.—Medium-sized, robust, subglobose An- 
tarctodarwinella with at least 4 weakly angled to gent- 
ly rounded whorls; last whorl bicarinate with strongly 
projecting wing, ornamented with poorly developed 
tubercle development, slightly stronger on adapical 
keel: last whorl with sinuous growth rugae, stronger 
near wing and more spaced on older whorls; adapical 
or posterior sinus angle approximately 52.5°; callus de- 
velopment pronounced, partially enveloping spire, but 
only to penultimate whorl; distinguished from type 
species, A. ellioti Zinsmeister, 1976, in having a nar- 
rower less globose shell, stronger tubercle develop- 
ment, higher spire, and broader aperture. 

Description.—Shell moderately sized for genus and 
family (up to 35 mm high), semi-globose, thick and 
robust, low to moderately elevated spire of at least 4 
compressed, weakly angled to gently convex, strongly 
ornamented whorls; protoconch paucispiral, smooth, 
only partially preserved in available material; spire an- 
gle variable from approximately 62° to just over 80°; 
whorl inflation rapid, especially from penultimate to 
last whorl; sutures encroaching on succeeding whorls, 
moderately declivous; last whorl capacious, well-in- 
flated with diameter of last whorl just under height of 
shell: last whorl bicarinate with projected wing, 
strongly ornamented with rugose, sinuous, varix-like 
growth increments, posterior or adapical sinus angle 
~52.5 °; moderately spaced, rather blunt, axially ex- 
tending tubercles, present only on poorly developed 
carinae that are 5 mm apart, and with interspaces 
smooth; growth increments closer spaced on_ last 
whorl, especially more bunched on wing, compared to 
more spaced ones on older whorls; last whorl with 
distinct digitation, that is partially truncated to weakly 
convex and rounded on the distal portion of wing 
abaxially; spire whorls with sparse sculpture apart 
from 10-12 weakly developed, only slightly axially 
extending, tubercles that commence on antepenulti- 
mate whorl; last whorl with extensive callus that en- 
croaches on earlier whorls, extending completely over 
penultimate whorl, but does not completely envelop 
the spire, still creating a subglobose outline; fasciole 
forms a moderately developed low ridge on the ab- 
apical part of the last whorl; aperture moderately 
small, sublenticular to narrowly subovate with distinct 
raised callus pad extending to the parietal region, be- 
coming slightly narrower at poorly developed canal; 
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columella very gently curved, especially in the parietal 
area; outer lip thickened. 

Dimensions.—Holotype USNM 511856, height 35.5 
mm, diameter of last whorl including wing 30.5 mm; 
paratype USNM 511857, height 32.5 mm, diameter of 
last whorl 22.5 mm (without wing preserved); para- 
type USNM 511858, height 33.25 mm, diameter of 
last whorl 22.5 mm; paratype USNM 511859, height 
30.5 mm, most of last whorl incomplete; paratype 
USNM 511914, external mold height of specimen 34.5 
mm, height of concretion 61.0 mm. 

Types.—Holotype USNM 511856; paratypes 
USNM 511858, USNM 511859, USNM 511914. 

Localities. —497, 1434 (type). 

Material.—Four moderately well-preserved speci- 
mens and one external mold. 

Stratigraphic distribution.—1166 to 1369 m. 

Discussion.—The presence of a species of Antarc- 
todarwinella, herein named A. austerocallosa n. sp., 
in the Paleocene of Antarctica not only extends the 
stratigraphic range from the Eocene to the Paleocene, 
but also presents new data on the phylogeny of this 
biostratigraphically significant group. Although only 
three species of Antarctodarwinella have been record- 
ed, A. austerocallosa n. sp., A. ellioti Zinsmeister, 
1976 (Units II, Il only, La Meseta Formation), and A. 
nordenskjoldi (Wilckens, 1911) (Units HI—V, La Mes- 
eta Formation), the phylogeny of the genus is curi- 
ously not at all clear-cut, as the oldest Paleocene spe- 
cies, A. austerocallosa n. sp., is enigmatically much 
more similar to the youngest species, A. nordenskjoldi. 
The growth line symmetry is nearly identical in all 
three species. However, the adapical or posterior sinus 
angle (PSA) is similar in A. austerocallosa and A. nor- 
denskjoldi at just over 50°, whereas in the oldest Eo- 
cene species the angle is approximately 30°. Zins- 
meister and Camacho (1980, pp. 3—4) presented evi- 
dence of a large increase in the PSA through time in 
Antarctodarwinella, but measurements on the new Pa- 
leocene species falsifies this perceived trend. Antarc- 
todarwinella ellioti is larger and much more globose 
with a lower spire, compared to both A. austerocallosa 
and A. nordenskjoldi. The extensive callus develop- 
ment in A. ellioti is more reminiscent of Conchothyra 
parasitica Hutton, 1877, from the Santonian?—Cam- 
panian, and C. australis (Marshall, 1916) of New Zea- 
land, in which the callus nearly envelops the spire. It 
seems likely that A. nordenskjoldi was derived from 
A. austerocallosa, as growth lines and sculpture are 
comparable, except for the more developed wing in A. 
austerocallosa. Also, the last whorl in A. austerocal- 
losa is more strongly bicarinate with a marginally 
sharper abapical keel and the labial callus less devel- 
oped than in A. nordenskjoldi. The disparity in mor- 
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phology between the three species of Antarctodarwi- 
nella indicates that the fossil record of this group is 
far from complete, and other intermediate forms prob- 
ably existed, of which we have no fossil record. In- 
deed, no Antarctodarwinella-like struthiolariids are re- 
corded from upper Paleocene to lower Eocene depos- 
its, as there is a paucity of deposits of this age in the 
Southern Hemisphere. 

Etymology.—Species named from the Latin callosus 


(equivalent to “hard skin, callus”) and Latin auster 


(equivalent to “‘south’’?) for its heavily callused shell 
and endemic presence in Antarctica. 


Superfamily VANIKOROIDEA Gray, 1840 
Family VANIKORIDAE Gray, 1840 
Genus VANIKOROPSIS Meek, 1876 


Type species (by original designation).—WNatica tou- 
meyana Meek and Hayden, 1856. 

Discussion.—Vanikoropsis is one of the oldest Cre- 
taceous gastropods with records extending back to the 
Barremian—Aptian of Japan (Tracey ef al., 1993, p. 
148). Vanikoropsis had a wide distribution during the 
Cretaceous with reports of the genus from Europe, 
West India, North America, Australia, New Zealand 
and Antarctica (see Wenz, 1938; Fricker, 1999). The 
genus survived the K-T boundary extinction event and 
apparently inhabited northern and southern polar re- 
gions only (Kollmann and Peel, 1983; Zinsmeister er 
al., 1989). 


Vanikoropsis arktowskiana (Wilckens, 1910) 
Plate 6, figures 16-19 


Eunaticina? arktowskiana Wilckens, 1910, pp. 78-80, pl. 3, figs. 
29a, b, pl. 4, figs. 17, 18. 

Eunaticina arctowskiana Wilckens. Macellari, 1984, pl. 34, figs. 11— 
12, pl. 35, fig. 11, error pro V. arktowskiana; Stilwell and Zins- 
meister, 1987a, p. 9, error pro V. arktowskiana; Stilwell and Zins- 
meister, 1987b, p. 8, error pro V. arktowskiana. 

Eunaticina arctowskiana Wilckens. Zinsmeister et al., 1989, p. 733, 
fig. 2, p. 734, fig. 3, p. 736, fig. 6, error pro V. arktowskiana; 
Stilwell, 1994, p. 661; Zinsmeister, 1998a, p. 565, fig. 9, error 
pro V. arktowskiana. 

Vanikoropsis. n. sp. Fricker, 1999, pp. 146-152, pl. 3, figs. 5-10. 

V. arctowskiana (Wilckens). Fricker, 1999, pp. 153-155, pl. 3, figs. 
11, 12, pl. 4, figs. 1-3, error pro V. arktowskiana (Wilckens, 
1910). 


Dimensions. —USNM 511860, height 44.5 mm, di- 
ameter of last whorl 36.5 mm; USNM 511861, height 
34.0 mm, diameter of last whorl 29.5 mm. 

Types.—Mo 1330, Mo 1339, Mo. 1340. 

Localities.—9, 496, 1134, 1135, 1205, 1414, 1430, 
1431, 1432, 1434, 1505, 1506, 1507, 1508, 1510, 
1548, 1589, 1596, 1601, 1698, 1700. 

Material.—98 specimens. 

Stratigraphic range.—900 to 1201 m. 
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Discussion.—The abundant, characteristic natici- 
form gastropod Eunaticina? arktowskiana Wilckens, 
1910 (p. 78, pl. 3, fig. 29a, b, pl. 4, figs. 17, 18), from 
the latest Cretaceous to Danian of the James Ross Is- 
land Group (recorded from Snow Hill, Seymour and 
James Ross islands), was divided recently by Fricker 
(1999, pp. 145-155) into two species, one new. In our 
opinion, this division may not be warranted, especially 
given the variable nature of Vanikoropsis (see Sohl, 
1967; Erickson, 1974). A scatter diagram of height 
versus diameter provided by Fricker (1999, p. 152) 
does not yield evidence for such a separation of V. 
arktowskiana and, for example, the figured specimen 
of Vanikoropsis n. sp. (see pl. 3, fig. 3a, b) can hardly 
be distinguished from V. arktowskiana depicted on the 
same plate (see fig. 9a, b). The sculptural configuration 
of V. arktowskiana is diverse with differences from 
individual to individual of strength, width, spacing, 
and number of spirals. The convexity of the whorl out- 
line is also variable in the species, as is the expanded 
nature of the outer lip. 

Vanikoropsis arktowskiana is one of the longest 
ranging species in Antarctica with records extending 
from probably Campanian time to at least the early 
Danian, crossing the K-T boundary unscathed. We can 
cite no differences in Paleocene forms, compared with 
their Cretaceous counterparts. The affinity of probable 
older Antarctic forms such as Vanikoropsis? sp. of 
Thomson (1971) from Alexander Island is uncertain, 
as the material is poorly preserved. 


Superfamily NATICOIDEA Gray, 1840 
Family NATICIDAE Gray, 1840 
Subfamily POLINICINAE Gray, 1847 
Genus AMAUROPSIS Morch, 1857, p. 81 


Type species (by subsequent designation, Dall, 
1909).—Natica helicoides Johnston, 1835 (= Nerita 
islandica Gmelin, 1791). 

Discussion.—Amauropsis 1s one of few gastropods 
with a stratigraphic range of Paleocene to Recent in 
Antarctica (see extant species described by Dell, 
1990). Of note, Amauropsis is not present in the Eo- 
cene La Meseta Formation. Dell (1990, pp. 139-140) 
could see no evidence to separate the Arctic and Ant- 
arctic forms of Amauropsis, despite the absence of a 
channeled suture in Antarctic species, and advised that 
the concept of Amauropsis be expanded rather than to 
divide the northern and southern forms when the state 
of present knowledge of the significance of sutural dif- 
ferences has not been adequately evaluated. 
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Amauropsis notoleptos, new species 
Plate 6, figures 20—22 


Diagnosis.—Early, small Amauropsis with a mod- 
erately high spire of at least three convex whorls, and 
spire angle of ~92°; no sculpture as shell polished and 
smooth apart from weak prosocline growth lines and 
equally weak, numerous microscopic growth lines; 
umbilicus poorly developed; labial callus well raised, 
but rather narrow extending to parietal area; differs 
from closely related A. rossiana Smith, 1907, in hay- 
ing a much smaller shell, slightly less developed spiral 
sculpture of microscopic threads, a more raised callus, 
and slightly shallower umbilicus. 

Description.—Shell relatively small for genus (less 
than 10 mm high), thin, polished, strong, moderately 
high-spired naticiform, umbilicate; ratio of height to 
diameter of last whorl 1.25:1; spire moderately high, 
consisting of at least three convex whorls with narrow- 
ly channeled sutures or subsutural furrows; spire angle 
~92°; apical whorls low, paucispiral, worn in available 
material; inflation rapid, especially from penultimate 
to last whorl; last whorl moderately inflated, convex, 
smooth apart from weak prosocline growth lines and 
weak microscopic spiral threads; sculpture on penul- 
timate whorls similar of very weak growth lines and 
spirals; aperture holostomatous, moderately ovate, 
open; columella gently concave; labium with raised, 
well-defined, moderately narrow callus; outer lip thin. 

Dimensions.—Holotype USNM 511862, height 8.0 
mm, diameter of last whorl 7.0 mm; paratype USNM 
511863, height 6.5 mm, diameter of last whorl 5.0 
mm. 

Types.—Holotype USNM 511862; paratype USNM 
511863. 

Localities.—1519, 1531 (type). 

Material.—Two specimens and other fragments. 

Stratigraphic distribution.—1053 to 1073 m. 

Discussion.—Amauropsis notoleptos n. sp. is the 
oldest record of the genus in Antarctica and the only 
species known from the Paleogene. A. notoleptos is 
apparently allied to and is probably the ancestor to 
living Antarctic species such as A. rossiana Smith, 
1907 (p. 5, pl. 1, figs. 6, 6a; Dell, 1990, p. 140, figs. 
247, 276), and A. powelli Dell, 1990 (p. 144, figs. 246, 
268), but differs in its much smaller size and narrower, 
slightly taller spire. The aperture and callus of A. ros- 
siana 1s strikingly similar to A. notoleptos, but the Pa- 
leocene species has a marginally more developed um- 
bilicus. The Recent (also known as fossil, but ages 
unknown) type species, A. islandica (Gmelin, 1791) 
(p. 3675; Wenz, 1938-1944, p. 1035, fig. 2965; Mar- 
incovich, 1977, pp. 217-218, pl. 17, figs. 1-4, pl. 22, 
fig. 1, text-fig. 12), is largely a magnified version of 


and is very similar to A. notoleptos n. sp., and differs 
in having a much larger shell with a higher spire and 
more distinct prosocline growth lines. Other Paleocene 
species of Amauropsis, such as A. meierensis Zins- 
meister, 1983 (pp. 1292-1293, fig. 2L, M) and A. mar- 
tinezensis Dickerson, 1914 (p. 142, pl. 13, fig. 4a, b; 
Marincovich, 1977, pp. 221-222; pl. 17, figs. 5—10), 
from the Paleocene of Western North America have 
higher spires and much larger shells, compared to A. 
notoleptos, and are not closely related. The origin of 
A. notoleptos is uncertain, given the patchy strati- 
graphic distribution of the group in the earliest Tertia- 
ry. 

Etymology.—Species named from the Greek word 
notos (equivalent to “‘south’?) and Greek word /eptos 
(equivalent to “fine, small”) for its endemic Antarctic 
occurrence and small size for the genus. 


Genus EUSPIRA Agassiz in J. Sowerby, 1837 


Type species (by subsequent designation, Bucquoy, 
Dautzenberg, and Dollfus, 1883)—Natica glaucinoides 
J. Sowerby, 1812 (non Deshayes, 1832) (= Natica la- 
bellata Lamarck, 1804) (Kabat, 1991, p. 429). 


Euspira antarctidia, new species 
Plate 7, figures 7-10 


Diagnosis.—Relatively small but robust Euspira 
with nearly 1:1 ratio of height to diameter of last 
whorl; weakly channeled sutures, and dome-like pro- 
toconch of no more than 2 whorls; no sculpture, just 
weak prosocline growth lines and microscopic spirals; 
umbilicus moderately developed; funicle present; ap- 
erture D-shaped to broadly oval-shaped; differs from 
closely related Antarctic species, Euspira n. sp. of 
Fricker (1999), in being minute in comparison, with 
weaker growth lines, a funicle, and a more D-shaped 
aperture. 

Description.—Small-to medium-sized for genus (up 
to 13.0 mm high), moderately high-spired, robust, glo- 
bose naticiform, umbilicate; spire of at least 2 small, 
weakly inflated, convex whorls with weakly channeled 
sutures; ratio of height to diameter of last whorl just 
over |.1:1; protoconch paucispiral, dome-like, smooth, 
slightly covered in matrix on holotype; spire angle ob- 
tuse of approximately 112.5°; whorl inflation quite rap- 
id, especially from penultimate to last whorl; last 
whorl greatly inflated, with faint, weak microscopic 
threads and prosocline growth lines only; teleoconch 
whorls similarly smooth with only prosocline growth 
lines; aperture large, holostomatous; broadly ovate to 
D-shaped; umbilicus moderately deep; columella dis- 
tinctly curved with distinct but rather thin funicle; pa- 
rietal region with thin glaze; outer lip thin. 

Dimensions.—Holotype USNM 511864, height 13.0 
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mm, diameter of last whorl 11.5 mm; paratype USNM 
511865, height 7.0 mm, diameter of last whorl 6.5 
mm; paratype USNM 511866, height 6.0 mm, diam- 
eter of last whorl 5.5 mm. 

Types.—Holotype USNM 511864; paratypes 
USNM 511865, USNM 511866. 

Localities.—1519 (type), 1535, 1538. 

Material.—Seven specimens. 

Stratigraphic range.—1072 to 1130 m. 

Discussion.—Euspira is recognized in Antarctic Pa- 
leocene deposits for the first time, previously recorded 
from the latest Cretaceous (Fricker, 1999) and mid- 
Eocene (Stilwell, 2000). Euspira antarctidia n. sp., de- 
scribed herein from the Sobral Formation, is closely 
related to Euspira n. sp. of Fricker (1999, pp. 158— 
161, pl. 4, figs. 4a, b, 5a, b) from the Maastrichtian 
(perhaps even older record of Campanian, also) of the 
Lopez de Bertodano Formation, but is comparatively 
small to moderate in size with more defined prosocline 
growth lines, a slightly more compressed last whorl, a 
more D-shaped aperture, and a less open umbilicus. 
Euspira bohatyi Stilwell, 2000 (p. 303, pl. 8, figs. a—c) 
from the middle Eocene of McMurdo Sound, East 
Antarctica, has a much larger shell, a more compressed 
last whorl, stronger prosocline growth lines, and a 
much wider umbilicus. The European Eocene type 
species, E. labellata (Lamarck, 1804) (see Brown, 
1849, p. 89 (error p. 99 in index), pl. 43, figs. 30-31, 
Natica glaucinoides, Wenz, 1941, p. 1042, fig. 2986), 
is also quite comparable to E. antarctidia, but differs 
again in its much larger size, a more inflated spire, and 
stronger growth lines. 

Other Austral Paleocene species are apparently only 
distantly related to E. antarctidia n. sp.; these include 
E. fyfei (Marwick, 1924) from South Island, New Zea- 
land, Euspira sp. cf. E. pueyrredonensis (Stanton, 
1901) of Griffin and Hiinicken (1994) from south- 
western Patagonia, and E. saxosulensis Darragh, 1997, 
from Victoria, Australia. These records indicate that 
the genus was well distributed and established in 
Southern Hemisphere Paleocene shallow waters. 

Etymology.—Species named from the Latin dimin- 
utive prefix -idium and for its occurrence in Antarctica. 


Superfamily TONNOIDEA Suter, 1913 
Family RANELLIDAE Gray, 1854 
Subfamily CYMATIINAE? Iredale, 1913 
Genus ANTARCTIRANELLA, new genus 


Type species (by original designation).—Antarctir- 
anella tesella n. gen. n. sp. 

Diagnosis.—Moderately high-spired ranelliform or 
fusiform shell with highly ornamented shell of can- 
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cellate sculpture that approaches a tesselate or ““check- 
er-board” pattern on the central part of last whorl and 
penultimate whorl with rounded nodes at the intersec- 
tion of spiral and axial elements; spiral ornamentation 
of two strong carinae and spiral cords; outer lip broken 
on available material, but preserved sections indicate 
a definite flare or varix; inner lip with moderately 
broad callus, concave; aperture broadly ovate; inner 
labrum with furrows corresponding to spiral elements; 
siphonal canal moderately long, slightly twisted, nar- 
rowly notched. 

Discussion.—Antarctiranella n. gen. is erected here- 
in for an enigmatic Paleocene Antarctic gastropod with 
a moderately twisted siphonal canal, flared outer lip 
and shell form reminiscent of groups within the Ra- 
nellidae. Only one specimen of this gastropod was 
available for study, but a new species described by 
Fricker (1999) from the Lopez de Bertodano Forma- 
tion of Seymour Island is probably congeneric if not 
perhaps conspecific as well, but the penultimate whorl 
is more convex and the sutures more impressed. Frick- 
er (1999) (pp. 175-177) considered the Maastrichtian 
Antarctic species to be an aberrant member of the Ra- 
nellidae as it does not appear to have either a definite 
varix, columellar plications, or a rugose inner lip callus 
compared with many ranellid gastropods. Fricker sug- 
gested that a possible relationship to Buccinidae can- 
not be discounted, but we suggest that the overall form 
and flared outer lip is more indicative of Ranellidae. 
Further, Fricker was apparently unaware of a specimen 
collected from the Paleocene Sobral Formation of Sey- 
mour Island. This individual has an outer lip that can 
be described as a definite varix. There is no other 
member of the Ranellidae that approaches this new 
group apart from Cymatium s.l. (A. Beu, personal 
communication, 2000), so it is highly likely that An- 
tarctiranella n. gen. was short-lived and became ex- 
tinct sometime during the Paleocene. 

Etymology.—Named based on its sole early pres- 
ence in Antarctica and for its relationship to Ranelli- 
dae. 


Antarctiranella tessela, new species 
Plate 7, figures 5, 6 


Diagnosis.—As for genus. 

Description.—Shell moderately large for family 
(slightly more than 38 mm high), robust, moderately 
thick-shelled, ranelliform to fusiform: spire moderately 
high of more than 2 unicarinate, nearly quadrate, 
slightly convex whorls, about a third of total height of 
shell; whorl inflation rapid from penultimate to last 
whorl; spire angle approximately 66.5°; protoconch 
unknown; suture barely impressed, slightly clasping, 
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last whorl wrapping around noded axials of penulti- 
mate whorl; sculpture elaborate of tesselate or ““check- 
er-board”’ pattern of cancellate spiral ribs and equally 
strong axials, especially centrally on last whorl, bear- 
ing 10-11 axially aligned nodes on the two central 
carina, which are concave between; last whorl with 
more than 17 strong, but unequally developed spiral 
cords and many microscopic interstitial threads; last 
whorl broadly convex with 10-11 axials and nodes, 
slightly concave between carinas; sutural ramp mod- 
erately steep, gently concave, merging with carina; ax- 
ials on penultimate whorl extend from adapical carina 
abapically to suture; some 12 nodes on penultimate 
whorl; axials on penultimate whorl not aligned with 
those on last whorl; growth lines poorly defined; base 
of last whorl strongly contracted to moderately short, 
slightly twisted, narrowly notched canal; aperture 
broadly ovate with narrow channels corresponding to 
carina on last whorl; labium with moderately narrow 
callus; columella seemingly smooth, concave; outer lip 
flared abaxially into thickened varix, smooth internal- 
ly. 

Dimensions.—Holotype USNM 511867, height 
slightly more than 38.0 mm if complete, diameter of 
last whorl 29.0 mm. 

Type.—Holotype USNM 511867. 

Type locality.—1431. 

Material.—Holotype 

Stratigraphic range.—1144 m. 

Discussion.—Antarctiranella tessela n. gen. n. sp. 
represents an early member of the Ranellidae that has 
no other coeval or older Late Cretaceous relatives. It 
is probably a short-lived taxon that evolved during the 
K-T boundary marine revolution that became extinct 
sometime during the Paleocene. As reviewed by Beu 
(1988), the oldest recorded ranellid is Turonian in age, 
Sassia kanabensis (Stanton, 1893) from the Western 
Interior of North America, and most of the six record- 
ed species are Maastrichtian. None of these approach 
the new Antarctic Paleocene species. Paleocene mem- 
bers of the group are rare and consist of Gyrineum? 
judithae Zinsmeister, 1983, from the Danian, Sassia 
sp. of Darragh (1997, p. 74, fig. 3G, H) from the mid- 
Paleocene of southeastern Australia, and Ranella 
louellae Beu, 1988, from the late Paleocene of Cali- 
fornia. Ranellids described by Kollmann and Peel 
(1983) from the Paleocene of Greenland do not belong 
in this family (A. Beu, personal communication, 
2000). 

Etymology.—Species named from the Latin fresella 
(equivalent to “inlaid with small, square stones, check- 
ered”) for its checkered sculptural configuration of ax- 
ials and spirals on the last and penultimate whorls. 


Superfamily EULIMOIDEA Philippi, 1853 
Family EULIMIDAE Philippi, 1853 
Genus MELANELLA Bowdich, 1822, p. 120 


Type species (by monotypy).—Melanella dufresnei 
Bowdich, 1822 (non dufresnii, error, Abbott, 1974, p. 
125): 

Discussion.—The Paleocene distribution of this eu- 
limid is extended to Antarctica, previously recorded 
from the Paleocene of New Zealand (Finlay and Mar- 
wick, 1937), and Eocene to Recent of Europe, North 
Africa, South India, Japan, West Indies, and North and 
South America (Wenz, 1940, p. 835). Balcis Leach, 
1847, is a synonym (Warén, 1984; Maxwell, 1992). 
Unless the available fossil material is well-preserved, 
in practice it is often difficult to distinguish Melanella 
from pyramidellid groups such as Odostomia Fleming, 
1817, which has a variably strong plait on the adapical 
part of the columella. The Antarctic material, which is 
nicely preserved, belongs in Melanella. 


Melanella seymourensis, new species 
Plate 7, figures 1—4 


Diagnosis.—High-spired Melanella with more than 
five gently inflated, subtrapeziform whorls with only 
slightly impressed sutures; whorls polished, smooth, 
with only closely spaced microscopic spiral threads, 
opisthocyrt growth lines and a few groove-like varices; 
aperture tear-shaped; easily distinguished from M™. 
pontilis Maxwell, 1992, in having opisthocyrt growth 
lines and more swollen whorls that have more im- 
pressed sutures. 

Description.—Species small- to medium-sized for 
genus, thin-shelled, high-spired, subulate, polished, 
imperforate; spire high, subgradate, of at least five sub- 
trapeziform, gently swollen whorls; spire angle acute; 
sutures only slightly impressed; whorl inflation grad- 
ual; protoconch unknown, broken on available mate- 
rial; last whorl weakly inflated and convex, mostly 
smooth apart from many, closely spaced microscopic 
spiral threads and closely spaced, sinuous opisthocyrt 
growth lines; teleoconch whorls similarly sculptured; 
aperture moderately small, tear-shaped, holostomatous; 
pillar smooth, straight to only slightly concave, with 
very narrow, slightly raised callus; outer lip thin, 
smooth. 

Dimensions.—Holotype USNM 511868, height 5.5 
mm, diameter of last whorl 2.0 mm; paratype USNM 
511869, height 6.25 mm, diameter of last whorl 2.5 
mm; paratype USNM 511870, height 4.0 mm incom- 
plete. 

Types.—Holotype USNM 511868; paratypes, 
USNM 511869, USNM 511870. 

Localities.—1519, 1535 (type). 
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Material.—Two mostly complete specimens and 
several fragments. 

Stratigraphic range.—1072 to 1078 m. 

Discussion.—The oldest records of Melanella are in 
the Southern Hemisphere and are represented by M. 
seymourensis n. sp. from the Sobral Formation, M. 
lautoides Finlay and Marwick, 1937, from the late ear- 
ly Paleocene of the Wangaloa Formation of New Zea- 
land, and Melanella? n. sp. of Stilwell (1994) from the 
mid-Paleocene Kauru Formation, also of New Zea- 
land. The Kauru Formation species (Stilwell, 1994, pp. 
937-938, pl. 68, fig. 6) is most like M. seymourensis 
in having a subulate, high-spired, polished shell, but 
the growth lines of M. seymourensis are opisthocyrt, 
whereas those of Melanella? n. sp. are more opisth- 
ocline. The Kauru Formation species was tentatively 
placed in Melanella as the aperture in the only known 
specimen is incomplete. All preserved features of this 
shell point to an allocation to Melanella. M. lautoides 
Finlay and Marwick, 1937 (p. 66, pl. 5, fig. 11; Flem- 
ing, 1966, p. 388, pl. 145, fig. 1748; Stilwell, 1994, 
pp. 935-937, pl. 68, figs. 1-5) has a much lower spired 
shell with a more gradate spire and deeper, more or- 
thocline growth lines, and more channeled sutures. 
Melanella pontilis Maxwell, 1992 (p. 120, pl. 16, figs. 
e, f) from the late Eocene of New Zealand is strikingly 
like M. seymourensis, but M. pontilis has a taller spire, 
more flush whorls and less distinctive opisthocline 
growth lines, compared to the Antarctic species. 

Of note, Melanella sp. of Finlay and Marwick 
(1937, p. 66, pl. 5, figs. 18, 19; Fleming, 1966, p. 388, 
figs. 1749, 1750) from the mid-Paleocene of Boulder 
Hill, South Island, New Zealand, doubtfully belongs 
to Melanella and may represent a species of Odosto- 
mia because of the preserved plait situated high on the 
pillar adapically. 

Etymology.—Species named for its endemic occur- 
rence on Seymour Island. 


Superfamily MURICOIDEA Rafinesque, 1815 


Family TUDICLIDAE Cossmann, 1901, emend. 
Finlay and Marwick, 1937 


Genus HETEROTERMA Gabb, 1869 


Type species (by monotypy).—Heteroterma tro- 
choidea Gabb, 1869. 


Heteroterma?, new species 
Plate 7, figures 13, 14 


Description.—Shell small- to medium-sized (up to 
18.5 mm), moderately thick-shelled, low-spired bicon- 
ic; spire moderately low, of at least 3 weakly convex, 
noded whorls; protoconch paucispiral, smooth, only 
partially preserved on available specimen; spire angle 


approximately 77°; whorl inflation rapid from penul- 
timate to last whorl; suture slightly impressed, last 
whorl nearly clasping around noded penultimate 
whorl; sutural ramp steep; last whorl uniangulate, in- 
flated, with noded central keel; ornamentation of 12 
well-developed tubercles centrally on keel and more 
than 25 spiral cords that are more bunched on base: 
growth lines weak, opisthocyrt; tubercled keel on pen- 
ultimate whorl located just adapical of suture; base 
contracting to short neck; aperture broad, ovate; col- 
umella obscured by matrix; outer lip slightly thickened 
at keel. 

Dimensions.—USNM 511871, height 18.5 mm, di- 
ameter of last whorl 14.5 mm. 

Locality.—1104. 

Material.—One specimen. 

Stratigraphic occurrence.—1375 m. 

Discussion.—The biconic outline and sculpture of 
strong tubercles and spiral cords of this probable tud- 
iclid approaches Heteroterma trochoidea Gabb, 1869 
(p. 152, pl. 26, figs. 30, 30a; see review by Saul, 
1988a, pp. 13-14, figs. 12, 72-76) and H.? acrita Saul, 
1988a (pp. 14—16, figs. 13, 77-84) from the late Pa- 
leocene of California, but the shell of Heteroterma? n. 
sp. 1s somewhat abraded with loss of part of the si- 
phonal canal and sculpture details. It is not known 
whether or not a fasciole is present in this new Ant- 
arctic species. The suture of Heteroterma? n. sp. is 
somewhat clasping with the nodose keel of the pen- 
ultimate whorl just visible, as in H. trochoidea, where- 
as in H.? acrita the last whorl envelops the nodose 
keel of the penultimate whorl and takes the form of a 
steep collar or subsutural welt. More specimens are 
needed to confirm a genus-level assignment. 


Genus PYROPSIS Conrad, 1860 


Type species (by monotypy).—Tudicla (Pyropsis) 
perlata Conrad, 1860. 

Discussion.—Although beyond the scope of this pa- 
per, further research on the problematic “*Wangaloan” 
Paleocene New Zealand species Heteroterma zelan- 
dica Marshall, 1917, and related Cretaceous and Pa- 
leocene taxa such as Cominella? praecursor Wilckens, 
1905 (= Struthilariopsis? tumida Wilckens, 1905), 
Heteroterma elegans Griffin and Hiinicken, 1994, Pyr- 
opsis? gabbi (Stanton, 1896) [Heteroterma] and Het- 
eroterma? acrita Saul, 1988a, is necessary to clarify 
relationships of these closely related groups (Stilwell, 
1993, 1994). Heteroterma zelandica is not a Hetero- 
terma as it is very much distinct from the type species, 
H. trochoidea Gabb, 1869, which has a developed fas- 
ciole, narrower and less expanded lip, moderately short 
siphonal canal, and a suture that does not cover the 
adapical series of nodes, very much distinct from H. 
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zelandica. The new Antarctic species, Pyropsis? aus- 
tralis n. sp. described below, is very closely related to 
H. zelandica and both are congeneric and probably 
derived from the same stock. A full review of these 
taxa is being prepared by one of us (JDS), and until 
this work is completed in conjunction with the well- 
preserved New Zealand material, the Austral forms 
will be retained in closely allied Pyropsis. 


Pyropsis? australis, new species 
Plate 7, figures 9, 10 


Diagnosis.—Moderately sized, robust, low-spired 
Pyropsis? with apical angle of 82°; 12-13 axially ex- 
tending tubercles and some 25 wavy spirals; steep sub- 
sutural ramp that wraps around tubercles of penulti- 
mate whorl yielding a band that has a wavy appear- 
ance, penultimate whorl with slightly swollen subsu- 
tural band giving a_ gently concave profile; 
distinguished from closely allied New Zealand species, 
“P. zelandica (Marshall, 1917), in having a higher 
spire, steeper adapical slope, less developed sutural 
band and fewer axials and spirals. 

Description.—Shell medium-sized for family (up to 
47.5 mm high), relatively robust, thick, pyriform; spire 
low, conical, consisting of at least 4 compressed, gent- 
ly convex whorls; protoconch small, paucispiral, con- 
ical, a bit eroded on holotype; spire angle 82°; whorl 
inflation very rapid from penultimate to last whorl; 
suture complex with ill-defined, relatively blunt, axi- 
ally extending tubercles, bounded adapically by nar- 
row, wavy zone on extreme abapical part of last whorl 
that essentially wraps around adapical nodulation of 
penultimate whorl like a wavy band, on swollen, most- 
ly spirally sculptured, obliquely truncated, abapical an- 
gulation; last whorl capacious with short, rather steep 
adapical ramp that is gently concave, merging with 
distinctly angled periphery of ~12—13 moderately 
strong, broad, axially extending tubercles and spiral 
ornamentation of more than 25 wavy spiral cords that 
are more spaced on angulation; penultimate whorl with 
6 narrow spiral cords; growth lines on last whorl op- 
isthocyrt on ramp becoming orthocline and just slight- 
ly sinuous on angulation and canal; basal constriction 
rapid; growth lines on teleoconch whorls opisthocyrt; 
aperture well open, broadly lenticular, with mostly 
straight columella; callus moderately thick, spreading 
into parietal glaze; siphonal canal moderately long, 
narrow, tapered; outer lip thickened. 

Dimensions.—Holotype USNM 511872, height 47.5 
mm, diameter of last whorl 30.0 mm. 

Type.—Holotype USNM 511872. 

Locality.—1104. 

Material.—One specimen. 


375s. 


Stratigraphic occurrence. 


Discussion.—Pyropsis? australis n. sp. is congener- 
ic with, and most closely allied to, Heteroterma zelan- 
dica Marshall, 1917 (pp. 453—454, pl. 35, figs. 20, 21; 
Finlay and Marwick, 1937, pp. 84—85, pl. 10, figs. 8— 
10; Fleming, 1966, p. 322, pl. 112, figs. 1367-1369; 
Beu and Maxwell, 1990, pp. 84-86, pl. 2, fig. p; Stil- 
well, 1994, pp. 986-997, pl. 70, figs. 5, 9, 13-18) (= 
n. gen. aff. Pyropsis), one of the most characteristic 
and commonly figured Paleocene gastropods of New 
Zealand. These two taxa are strikingly similar, and dif- 
fer mainly in height of spire and minor sculptural at- 
tributes. Pyropsis? australis is distinguished from P.? 
zelandica in having a slightly higher spire, a slightly 
steeper adapical ramp on the last whorl, a less devel- 
oped sutural band, fewer axially extending tubercles, 
and fewer spiral cords. The Antarctic species is prob- 
ably slightly older than the New Zealand species, 
which is considered to be late early Paleocene in age 
(Stilwell, 1994). Heteroterma elegans Griffin and 
Hiinicken, 1994 (pp. 267-269, figs. 7.1, 7.2) from the 
Paleocene of Patagonia is also a congeneric form that 
has a longer siphonal canal, poorly developed tuber- 
cles, a less swollen subsutural band, compared to P.? 
australis and P.? zelandica. Of note, the only species 
comparable to P.? australis in the Northern Hemi- 
sphere are H.? acrita Saul, 1988a (pp. 14—16, figs. 13, 
77-84) (= Pyropsis?) and H. striata Stanton, 1896 (p. 
1046, pl. 67, fig. 5; Dickerson, p. 151, pl. 17, fig. 1; 
Zinsmeister, 1983, p. 1299, figs. 30, P; Saul, 1988b, 
pp. 885-886, figs. 2.3, 3.26—3.30) (= Pyropsis’?), from 
the Paleocene of California, but these taxa have small- 
er shells, slightly more developed tubercles, and a 
more swollen subsutural band, compared to P.? aus- 
tralis. The distribution of these species of Pyropsis? 
suggests that the group was well established in Danian 
shallow waters extending from western North America 
to the southern rim of the southern circum-Pacific. 

Etymology.—Species named for its Austral occur- 
rence. 

Superfamily BUCCINOIDEA Rafinesque, 1815 
Family BUCCINIDAE Rafinesque, 1815 
Subfamily BUCCININAE Rafinesque, 1815 
Genus COLUS Rdéding, 1798 

Type species (by original designation).—Colus is- 


landicus (Gmelin, 1791). 


Colus delrioae, new species 
Plate 7, figures 15—20 


Diagnosis.—Large smooth Colus with moderately 
high spire of at least 7 rather compressed and weakly 
convex to almost flush whorls; spire angle approxi- 
mately 36° to 38°; shell nearly void of sculpture apart 
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from widely spaced, very weak spirals, and equally 
weak growth lines; base well contracted; siphonal ca- 
nal moderately long, gently twisted abaxially; colu- 
mella smooth and concave; differs from Recent type 
species, C. islandicus (Gmelin, 1791) in having a high- 
er spire with less convex and more flattened, flush 
whorls and weaker spiral ornamentation. 

Description.—Shell large (up to 90 mm high), rath- 
er slender, moderately thick-shelled, high-spired fusi- 
form; spire moderately high to high of at least 7 com- 
pressed, very weakly rounded to nearly flush whorls 
that approach a near gradate outline; protoconch par- 
tially present, paucispiral, smooth; spire angle acute of 
between 36° to 38°; whorl inflation moderately slow 
on spire increasing rapidly from penultimate to last 
whorl; sutures very weakly impressed: last whorl in- 
flated, convex, smooth and polished apart from weak, 
but broad, spiral ribs that are widely spaced, and weak 
growth lines that are opisthocline medially becoming 
more prosocline near base; spire whorls void of sculp- 
ture apart from microscopic spiral threads and faint 
opisthocyrt growth lines; last whorl contracts abruptly 
at base, producing a moderately long, gently oblique 
and twisted canal that is narrowly channeled; colu- 
mella moderately long, smooth, concave with narrow 
callus; outer lip thin, smooth. 

Dimensions.—Holotype UBA 16816, height 90.0 
mm, diameter of last whorl 44.0 mm; paratype USNM 
511873, height 51.5 mm, diameter of last whorl 24.0 
mm (immature individual); paratype USNM 511874, 
height 38.5 mm, diameter of last whorl 25.5 mm. 

Types.—Holotype UBA 16816; paratypes, USNM 
511873, USNM 511874. 

Localities.—1431, 1535, 1556. 

Material.—Three specimens. 

Stratigraphic range.—1077 to 1144 m. 

Discussion.—This enigmatic high-spired gastropod 
is rare in the Sobral Formation and is represented by 
three specimens, of which only one is moderately well 
preserved (an immature individual, USNM 511873). 
No other related species are recorded from the Ant- 
arctic fossil record or from the Recent. The outline and 
weak spiral sculpture is consistent with the Tertiary to 
Recent genus Colus Réding, 1798, type species C. is- 
landicus (Gmelin, 1791) (see Abbott and Dance, 1983, 
p. 163, colored figure), from Labrador to Norway. The 
siphonal canal is longer in C. islandicus and the whorls 
are more convex, but the Seymour Island species fits 
comfortably in the group, acknowledging the variable 
nature of this buccinid. Few fossil members of Colus 
approach the Antarctic species, but Fasciolaria rhom- 
boidea Rogers, 1839 (p. 376, pl. 30, fig. 3) (= Colus?) 
from the mid-Tertiary of Virginia is similar. Colus? 


rhomboidea has more rounded, convex whorls, com- 
pared with C. delrioae n. sp. 

The evolutionary history of Colus delrioae is un- 
certain and the group apparently did not survive after 
the Paleocene in Antarctica. This species is in all like- 
lihood a migrant species, but the imperfect preserva- 
tion of the available material prevents an in-depth in- 
vestigation of this unusual new group. 

Etymology.—This species is named for Dr. Claudia 
del Rio, University of Buenos Aires, who found the 
magnificent holotype of this species. 


Genus PSEUDOFAX Finlay and Marwick, 1937 


Type species (by original designation).—Phos or- 
dinarius Marshall, 1917. 

Discussion.—Pseudofax was one of the most wide- 
spread buccinid gastropods in lower Tertiary shallow- 
marine deposits in the Southern Hemisphere. This 
group is represented in the early late Paleocene to mid- 
dle Eocene of New Zealand, Paleocene of southern 
Patagonia, mid-Paleocene of southeastern Australia, 
and from this work from earliest Paleocene to middle 
Eocene of Antarctica (see Finlay and Marwick, 1937; 
Stilwell and Zinsmeister, 1992; Stilwell, 1994; Griffin 
and Hiinicken, 1994; Darragh, 1997; Stilwell, 2000). 

Pseudofax, a generalized buccinid, was recently re- 
viewed in detail by Beu and Maxwell (1990, p. 83) 
and Stilwell and Zinsmeister (1992, pp. 124—125), so 
only a brief summary is appropriate here, with addi- 
tional records of this representative of a post K-T 
boundary “bloom taxon.” Pseudofax, as the name 
suggests, has an affinity with Fax Iredale, 1925, but 
protoconch differences separate the two groups: Pseu- 
dofax has a broadly conical protoconch, different from 
the cylindrical protoconch in Fax. Pseudofax is con- 
sidered to be intermediate morphologically among 
Nassicola, Zelandiella, Eucominia, Cominula, and 
Procominula, all Finlay (1926) buccinid genera. Wenz 
(1941, p. 1176) believed Pseudofax to be a subgenus 
of Phos Montfort, 1810, type species P. senticosus 
(Linnaeus, 1758) (see Wenz, 1941, p. 1175, fig. 3338), 
but the distinctive highly ornamental shell and aperture 
of P. senticosus effectively separates these groups at 
genus level. 


Pseudofax? paucus, new species 
Plate 8, figures 25, 26 


Diagnosis.—Average-sized Pseudofax, but small for 
Buccinidae, relatively thin-shelled, moderately high- 
spired fusiform to elongate-ovate in outline; more than 
3 convex spire whorls; spire angle about 59°; orna- 
mentation of some 15 equally spaced spiral cords and 
about 10 poorly developed, rounded axials; inner part 
of outer lip lirate; distinguished from type species, P. 
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ordinarius (Marshall, 1917), in having generally more 
inflated whorls, less wavy spiral cords, reflecting a 
more subdued axial component, and broader more 
ovate aperture. 

Description.—Shell small for family (height 14 
mm), broadly fusiform to elongate-ovate; spire mod- 
erately high of more than 3 rather squat, convex 
whorls; whorl inflation relatively rapid; spire angle ap- 
proximately 59°; protoconch details unknown; sutures 
impressed; last whorl moderately inflated, convex, or- 
namented with 15 equally spaced spiral cords and in- 
cised interspaces, and about 10 rounded, poorly de- 
fined, axial ridges; growth lines weak, poorly defined, 
orthocline to barely opisthocyrt; spire whorls with 5— 
6 spiral cords and no perceptible axials; base contract- 
ed abruptly to short, notched, oblique, siphonal canal; 
columella short, concave with thin, narrow callus; fas- 
ciole poorly developed; aperture broad, ovate; inner 
part of outer lip lirate; outer lip relatively thin. 

Dimensions.—Holotype USNM 511875, height 14.0 
mm, diameter of last whorl 9.5 mm. 

Type.—Holotype USNM 511875. 

Type locality.—1589. 

Material.—Holotype. 

Stratigraphic range.—1149 m. 

Discussion.—This rare species compares well with 
the Paleogene buccinid Pseudofax, type species P. or- 
dinarius (Marshall, 1917) (p. 456, pl. 35, figs. 24, 25: 
Wenz, 1941, p. 1176, fig. 3341; Finlay and Marwick, 
1937, p. 80, pl. 9, figs. 16, 18; Beu and Maxwell, 
1990, p. 83, pl. 2, fig. t), but the shell outline of the 
new Antarctic species is relatively broader, the spiral 
cords are more uniform and less wavy, and the aper- 
ture is more open and ovate. Phos conica Marshall, 
1917, was relegated to subspecies-level status by Fin- 
lay and Marwick, (1937, p. 80), who believed it to be 
a subspecies of Pseudofax ordinarius. Beu and Max- 
well (1990) recognized the variability of P. ordinarius 
and considered P. conicus to be a morphotype, albeit 
extreme, of P. ordinarius. Stilwell (1994) supported 
Beu and Maxwell’s conclusions by collecting a large 
number of these morphotypes. Other Paleocene Aus- 
tral taxa, such as P. costellatus Griffin and Hiinicken, 
1994, from southwestern Patagonia, and P. cf. P. or- 
dinarius from southeastern Australia, are not closely 


related. Although the preservation of the holotype is 
not overly well-preserved, there is evidence to suggest 
that P. paucus? n. sp. is the ancestor to P. weddellensis 
Stlwell and Zinsmeister, 1992, and P. suroinflatus 
Stilwell and Zinsmeister, 1992, from the La Meseta 
Formation. Pseudofax? paucus has narrower spiral 
cords and a much weaker axial component, compared 
with the Eocene Antarctic species. Pseudofax weddel- 
lensis (see Stilwell and Zinsmeister, 1992, pl. 16, figs. 


x-z) is morphologically very close to P.? paucus and 
probably represents a lineage. 

Etymology.—Species named from the Latin paucus 
(equivalent to “few, little’) for its rare occurrence on 
Seymour Island. 


Subfamily MELONGENIINAE Gill, 1867 
Genus LEVIFUSUS Conrad, 1865 

Type species (by original designation).—Fusus tra- 
beatus Conrad, 1833. 

Discussion.—Levifusus is recorded from Antarctica 
for the first time, previously cited from Paleocene to 
Eocene rocks of southeastern United States (Toulmin, 
1977), East and West Africa (Adegoke, 1977; Gliozzi 
and Malatesta, 1985), and probably Australia (Dar- 
ragh, 1997). Southern Hemisphere records of the 
group are rare, compared to the much higher diversity 
in North America. 


Levifusus woolfei, new species 
Plate 9, figures 23-29 

Diagnosis.—Relatively large Levifusus, with mod- 
erately high-spired, robust shell; whorls well shoul- 
dered with greatly inflated last whorl bearing 3 keels, 
the adapical one strongest with 11—12 spirally extend- 
ing tubercles; spire angle 120°; rows of tubercles not 
all aligned; penultimate whorl with strong angulation, 
bearing 14 small nodes; siphonal canal short, twisted 
abaxially; outer lip relatively thin without tubercles; 
distinguished from type species, L. trabeatus (Conrad, 
1833), in having a more inflated last whorl, lower 
spire, more projecting tubercles, and short canal. 

Description.—Shell large (up to 57 mm high), ro- 
bust, moderately high-spired for genus, pyriform, with 
modestly elevated spire of at least 3 nodulose, well- 
shouldered whorls; somewhat enveloped from suc- 
ceeding whorls; spire angle obtuse, approximately 
120°; whorl inflation very rapid from penultimate to 
last whorl; protoconch minute, paucispiral, dome- 
like?; sutures clasping around succeeding whorls and 
wavy; last whorl capacious, very inflated, tricarinate, 
highly ornamented with rows of nodes that are not all 
aligned; adapical ramp of last whorl moderately steep, 
short, mostly straight to only marginally concave, 
merging with a strong adapical peripheral angulation 
of 11-12 variable, spirally extending, inflated tuber- 
cles, central angulation spaced ~5 mm from adapical 
angulation, ornamented with ~12 slightly weaker, 
spaced tubercles; lowermost abapical keel rather weak, 
close to medial one, spaced about 3—4 mm, orna- 
mented with weak, only slightly raised tubercles; pen- 
ultimate whorl with strong medial angulation, bearing 
~14 projecting, closely spaced nodes with moderately 
steep adapical ramp and very steep, nearly vertical 
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slope below angulation, meeting suture of last whorl; 
only weak angulation and poorly developed nodes on 
antepenultimate whorl; growth lines very weak, mostly 
prosocline; last whorl abruptly contracted by strong 
basal constriction to short, twisted canal; aperture 
large, broadly ovate to sublenticular; columella long, 
smooth, concave with broad callus pad, that spreads in 
parietal region over medial and abapical rows of tu- 
bercles; siphonal canal moderately broad, twisted 
slightly abaxially; outer lip relatively thin, void of tu- 
bercles in adult specimens. 

Dimensions.—Holotype USNM 511876, height 57.0 
mm, diameter of last whorl 43.5 mm; paratype USNM 
511877, height 44.0 mm, diameter of last whorl 40.5 
mm; paratype USNM 511878, height 51.5 mm, di- 
ameter of last whorl 43.0 mm. 

Types.—Holotype USNM _ 511876; paratypes 
USNM 511877, USNM 511878. 

Localities.—9 (type), 479, 496, 1434, 1435, 1505, 
1538, 1587. 

Material.—39 specimens. 

Stratigraphic range.—1168 to 1179 m. 

Discussion.—Levifusus woolfei n. sp. is most close- 
ly related to L.? quadrifunifer Darragh, 1997 (pp. 76— 
77, fig. 3S, U) from the Paleocene of Australia, the 
only other member of the group in the Southern Hemi- 
sphere. No post-Paleocene records of the genus are 
known in the Austral Realm. Levifusus woolfei has a 
tricarinate profile like L.? quadrifunifer, but it is not 
as well-developed as in the Australian species. The 
spire in L. woolfei is also higher, compared with L.? 
quadrifunifer, which further has less projecting tuber- 
cles. The type species, L. trabeatus (Conrad, 1833) (p. 
53, pl. 18, fig. 1 (see Harris, 1893, for discussion of 
the pagination of this complicated and rare original 
work); Wenz, 1943, p. 1222, fig. 3473), has a more 
gracile, high-spired shell, a longer siphonal canal, and 
a less inflated last whorl, but the relationship of the 
Antarctic species to the type is secure. In our opinion, 
L. mortonii (1. Lea, 1833) (p. 145, pl. 5, fig. 145: see 
also Toulmin, 1977, pp. 289-290, pl. 48, fig. 8), and 
L. mortoniopsis (Gabb, 1860) (p. 377, pl. 67, fig. 15: 
see also Toulmin, 1977, p. 290, pl. 48, fig. 6) from the 
eastern Gulf Coast are probably not congeneric, as 
there is an axial component and strong spiral element 
along with a straight canal, not present in the type. 
Levifusus maputi Gliozzi and Malatesta, 1983 (pp. 
105—106, pl. 7, figs. 3-5), from the Paleocene of Moz- 
ambique is also not a close relative of L. woolfei, as 
the Mozambique species has a very marked shoulder 
angulation and higher spire, unlike L. woolfei. The Af- 
rican species described in Adegoke (1977) (see pp. 
180-182, pl. 28, figs. 16-19) may not belong in Lev- 


ifusus either, as both the axial and spiral ornament is 
marked. 

Etymology.—Species named in honor of our late 
young colleague, Ken Woolfe, James Cook University, 
who passed on tragically in December 1999, for his 
ceaseless enthusiasm and voluminous contributions to 
Antarctic geology. 


Genus PROBUCCINUM Thiele, 1912 


Type species (by original designation).—Neobuccin- 
um tenerum Smith, 1907. 


Probuccinum palaiocostatum, new species 
Plate 10, figures 1—3 


Diagnosis.—Teleoconch of 5 convex whorls, axial 
sculpture of broad folds, spiral ornamentation of thin 
threads, siphonal canal slightly curved, fasciole weak 
to inconspicuous. 

Description.—Shell of small size (up to 50.2 mm 
high), thin to moderately thick in larger specimens, 
with up to 5 convex rounded whorls, separated by ad- 
pressed suture; protoconch not preserved: aperture 
semi-ovate, moderately wide; axial sculpture of 
straight to slightly curved folds, becoming wider and 
lower, to completely obsolete, in some specimens on 
the last whorl; spacing between folds is approximately 
equal to the width of the folds; examined specimens 
with 15—17 folds on last and penultimate whorls; spiral 
sculpture fine, slightly raised threads separated by in- 
terspaces of equal width; aperture subovate, tapering 
anteriorly and posteriorly; siphonal canal slightly 
curved, fasciole weak, inconspicuous on most speci- 
mens; outer lip thin, simple; inner lip smooth, gently 
concave; siphonal canal slightly curved sinistrally. 

Dimensions.—Holotype USNM 511879, height 26.0 
mm, diameter of last whorl 21.0 mm; paratype USNM 
511880, height 54.0 mm, diameter of last whorl 31.0 
mm; paratype USNM 511881, height 44.0 mm incom- 
plete, diameter of last whorl 28.0 mm. 

Types.—Holotype USNM 511879; paratypes 
511880, USNM 511881. 

Localities.—9, 746 1434, 1699, 1701. 

Material.—Eight specimens. 

Stratigraphic range.—1134 to 1167 m. 

Discussion.—The holotype of Probuccinum palaio- 


costatum n. sp. is apparently an immature individual 
without distinct axial sculpture developed on the last 
whorl. It differs from the Recent circum-Antarctic spe- 
cies P. costatum Thiele, 1912 (p. 211, pl. 13, fig. 22; 
see Dell, 1990, p. 171, fig. 285), in having a lower 
spire, a more rounded and convex whorl profile, and 
wider axial folds, separated by interspaces of equal 
width. Probuccinum palaiocostatum is the oldest 
member of this endemic Antarctic group. 
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Etymology.—Species named from the Latin palaios 
(equivalent to “ancient, old”) and Latin costa (equiv- 
alent to “‘rib’’). 


Genus SERRIFUSUS Meek, 1876 


Type species (by monotypy).—Fusus dakotensis 
Meek and Hayden, 1856. 

Discussion.—Serrifusus 1s a rare gastropod, known 
previously from North America by two species, the 
type S. dakotensis (Meek and Hayden, 1856), from the 
latest Campanian-Maastrichtian of Wyoming (perhaps 
also known from Hormby Island, Vancouver Island 
area, Canada; see Whiteaves, 1879, and Sohl, 1967, p. 
B29), and S. joaquinensis Anderson, 1958, from the 
Campanian of California. The Antarctic record from 
the Sobral Formation is the only one outside North 
America and also the only record from the Tertiary. 


Serrifusus binodosum, new species 
Plate 9, figures 1-5, 8-10 


Diagnosis.—Moderately sized Serrifusus with at 
least 4 shouldered whorls with steep adapical slopes: 
last whorl bicarinate with moderately developed close- 
ly spaced noded keels, small, sharp nodes nearly 
aligned with weakly opisthocyrt, sinuous growth lines; 
outer lip slightly thickened, sinuous, with moderately 
developed flare below lower keel; canal short, slightly 
twisted; distinguished from type, S$. dakotensis (Meek 
and Hayden, 1856), in having a smaller shell, closer 
more sharply noded keels, and a shorter canal. 

Description.—Shell medium-sized, short-spired fu- 
siform, moderately thick; spire of at least 4 shouldered, 
compressed whorls with moderately steep slopes; pro- 
toconch medium-sized, dome-like, of at least one 
smooth whorl, slightly eroded in available material; 
whorl inflation very rapid from penultimate to last 
whorl; spire angle approximately 62°; sutures chan- 
neled, encroaching on penultimate whorl at outer lip; 
last whorl moderately inflated, bicarinate, keels closely 
spaced and slightly concave between, bearing 20—21 
only slightly axially extending, small, sharp tubercles, 
that are nearly parallel and connected by slightly ex- 
cavated raised rib, and follow the moderately weak 
opisthocyrt growth lines; adapical ramp of last whorl 
long, steep, contracting greatly to a short canal except 
for contour of outer lip which hardly contracts, and is 
slightly flared and convex; spiral sculpture weak of 
equally and closely spaced threads only apart from 
noded keels; additional weakly noded spirals variably 
present on last whorl, but subsidiary to noded keels; 
spire whorls of weak spiral lines and two weakly nod- 
ed spiral ribs, located just adapical of suture; aperture 
large, ovate, some 70% of height of shell, contracting 
to short, slightly obliquely twisted, narrow canal; col- 


umella concave with moderately developed callus pad; 
outer lip sinuous, moderately thick and varix-like on 
adult holotype, and flared abapically just below low- 
ermost row of tubercles producing a curved concavity. 

Dimensions.—Holotype USNM 511882, height 41.0 
mm, diameter of last whorl 26.5 mm; paratype USNM 
511883, height 35.0 mm, diameter of last whorl 23.5 
mm; paratype USNM 511884, height 38.0 mm, di- 
ameter of last whorl 24.0 mm (specimen showing se- 
vere repaired break); paratype USNM 511885, height 
33.5 mm, diameter of last whorl 25.0 mm, most of 
canal missing; paratype USNM 511886, height 32.0 
mm, diameter of last whorl 21.0 mm, immature indi- 
vidual. 

Types.—Holotype USNM 511882; paratypes 
USNM 511883, USNM 511884, USNM 511885 
USNM 511886. 

Localities.—497, 746, 1104, 1138, 1431. 

Material.—39 specimens. 

1134 to 1375 m. 

Discussion.—Serrifusus binodosum n. sp., a K-T 
boundary survivor, is the only Tertiary representative 
of this genus in the fossil record and can be separated 
from the latest Cretaceous North American type spe- 
cies, S. dakotensis (Meek and Hayden, 1856) (p. 65; 
Meek, 1876, p. 374, pl. 31, fig. 11, pl. 32, figs. a, c, 
also same paper S. goniophorus Meek, p. 375, pl. 32, 
fig. 7a, b?; Wenz, 1941, p. 1262, fig. 3594; Sohl, 1967, 
p. B29-B30, pl. 6, figs. 12, 13, 18-21), in having a 
smaller shell, more closely spaced noded keels, sharper 
nodes, and a more expanded sinuous outer lip. Serri- 


Stratigraphic range. 


fusus joaquinensis Anderson, 1958 (pp. 171-172, pl. 


49, fig. 3) from the latest Cretaceous of the Pacific 
Coast is not closely allied with S. binodosum, as it has 
a much higher, more strongly unicarinate spire and last 
whorl. We believe that the Antarctic species falls into 
the limit of variability of this genus. Intraspecific var- 
iation 1s apparent in §. binodosum with various 
strengths of noded keels present in the type material. 
On the holotype, USNM 511882, a third adapical spi- 
ral row of nodes disappears gradually on the last whorl 
midway on the volution. Another specimen, paratype 
USNM 511884, has a severe repaired break, affecting 
the sculpture of the last whorl, making it quite irreg- 
ular. This break was probably made by a “‘lip-peeler”’ 
such as a decapod crustacean. 

Etymology.—Species named from the Latin nodosus 
(equivalent to “‘full of knots”) for its distinctive two 
spiral rows of nodes or tubercles. 


Genus SYCOSTOMA L. R. Cox 1931 


Type species (by original designation).—Fusus bul- 
biforme Lamarck, 1803. 
Discussion.—Sycostoma has been recorded in Up- 
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per Cretaceous to Paleogene rocks of Europe, Mada- 
gascar and North America (Wenz, 1943, p. 1222), up- 
permost Cretaceous rocks of New Zealand (Fleming 
in Wellman, 1959; Stilwell, 1994), and Paleocene of 
Greenland (Kollmann and Peel, 1983). Austroficopsis 
Stilwell and Zinsmeister, 1992, may be a closely re- 
lated form. Melongenine gastropods are rare in Austral 
Cretaceous and Paleogene deposits. Sycostoma is re- 
ported herein from Antarctica for the first time. 


Sycostoma pyrinota, new species 
Plate 8, figures 23, 24 


Diagnosis.—Small to moderately sized Sycostoma 
with low spire with at least two weakly convex whorls: 
spire angle about 74°; length of last whorl about 80% 
total height of shell; sculpture of rather weak, closely 
spaced, spiral threads, ~3 per mm; siphonal canal 
moderately long and broadly notched; most closely re- 
lated to latest Cretaceous New Zealand species, S. n. 
sp. of Stilwell (1994), differing by the new Antarctic 
species being half the size with weaker spirals and 
longer canal. 

Description.—Shell small- to medium-sized for ge- 
nus (27 mm high), low-spired, moderately robust, pyr- 
iform; spire obtuse, low, paucispiral, of at least two 
weakly convex, steeply sided whorls; whorl inflation 
rapid, especially from penultimate to last whorl; pro- 
toconch unknown; spire angle approximately 74°; su- 
tures weakly impressed; last whorl length about 80% 
of total height of shell; last whorl moderately inflated, 
ovately elongated, moderately convex, sutural ramp 
steep, ornamented with equally and closely spaced, 
weak spiral cords, ~3 per mm, equally strong from 
canal to suture; penultimate whorl similarly sculp- 
tured; growth lines very weak, nearly opisthocline; 
base contracted to a moderately long neck; siphonal 
canal moderately broad, notched; columella smooth, 
convex, long; outer lip thin. 

Dimensions.—Holotype USNM 511887, height, 
27.5 mm, diameter of last whorl 17.0 mm. 

Type.—Holotype USNM 511887. 

Locality.—9. 

Material.—One specimen. 

Stratigraphic occurrence.—1168 m. 

Discussion.—Sycostoma pyrinota n. sp. is the only 
member of this genus in Antarctica and is closely re- 
lated to a slightly older Maastrichtian form, Sycostoma 
n. sp., from Northland, New Zealand (see Stilwell, 
1994, pp. 673-676, pl. 43, figs. 1-4). Sycostoma pyr- 
inota may be the descendant of Sycostoma n. sp. from 
New Zealand, as the outline and sculpture is nearly 
identical, except that the Antarctic species is half the 
size with a slightly shorter, broader canal. No other 
member of this group has been recorded from the 


Southern Hemisphere, so the genus may have evolved 
in the north, where there is a much better and diverse 
record. The European Eocene type species, S. bulbi- 


forme (Lamarck, 1803) (p. 287; see Swainson, 1840, 


p. 308, fig. 75; Cossmann, 1889, p. 168; Wenz, 1943, 
p. 1222, fig. 3475; Oleinik and Zinsmeister, 1996, p. 
927, fig. 4), is also larger than S. pyrinota with a high- 
er spire, slightly more inflated whorls, and a more de- 
veloped labial callus. Sycostoma jonesi Adegoke, 1977 
(pp. 146-147, pl. 23, figs. 1-6) from the Paleocene of 
Nigeria is not a closely related species and has much 
more compressed spire whorls and is more globose, 
compared with S. pyrinota. Sycostoma disappeared 
from the fossil record in Antarctica after the early Pa- 
leocene. 

Etymology.—Species named for its pyriform outline 
and from the Greek notos (equivalent to “‘south’’) for 
its sole presence in Antarctica. 


Subfamily PPEUDOLIVINAE? Cossmann, 1901 


Genus SEYMOUROSPHAERA Oleinik and 
Zinsmeister, 1996 


Type species (by original designation).—Seymou- 
rosphaera bulloides Oleinik and Zinsmeister, 1996. 

Discussion.—Seymourosphaera is seemingly allied 
with Austrosphaera Camacho, 1949, and is distin- 
guished from the Argentine group in having “‘[a] more 
concave columella, generally broader and thicker cal- 
lus, narrower and shallower parietal and siphonal ca- 
nals, lacking a fasciole, and prominent spiral sculp- 
ture” (Oleinik and Zinsmeister, 1996, p. 926). This 
characteristic endemic group is associated with the re- 
population phase in Antarctica immediately following 
the K-T boundary (WJZ and JDS). Seymourosphaera 
shares features in common with both Buccinidae and 
Nassariidae, so it is tentatively placed in Buccinidae 
Pseudolivinae. Four species have been recognized in 
the Paleocene sequence of Seymour Island. Details are 
provided below. See Oleinik and Zinsmeister (1996) 
for detailed discussion of distinguishing features of 
these species, and their relationships to other closely 
related forms, not repeated herein. 


Seymourosphaera bulloides Oleinik and 
Zinsmeister, 1996 
Plate 8, figures 1—7 


Seymourosphaera bulloides Oleinik and Zinsmeister, 1996, pp. 926, 
929-930, figs. 2.1, 2.3, 5.1-5.6, 5.10-5.11, 5.20, 5.21. 


Dimensions.—Holotype USNM 487298, height 41.3 
mm, diameter of last whorl 27.3 mm (see Table 1, 
Oleinik and Zinsmeister, 1996, p. 930) for dimensions 
of paratypes. 

Types.—Holotype USNM 


487298; paratypes 


44 BULLETIN 367 


USNM 487294, USNM 487296, USNM 487289, 
USNM 487300, PU 496, PU 746, PU 995, PU 1135, 
PU 1430, PU 1432. 
Localities.—9, 119, 496, 746, 1134, 1135, 1136, 1430, 
1431, 1432 (type), 1434, 1506. 1538, 1589, 1601, 
1694, 1700. 

Material.—98 specimens. 

Stratigraphic distribution.—1058 to 1168 m. 

Discussion.—Seymourosphaera bulloides is easily 
separated from Austrosphaera glabra Comacho, 1949, 
by having a more elevated and wider callus, generally 
elongated shape, lack of fasciole and presence of well- 
developed spiral sculpture on the upper part of the 
body whorl. Austrosphaera patagonica (Ferugho, 
1936) has a narrower callus, and a much wider aper- 
ture, well-developed fasciole and siphonal notch. Sey- 
mourosphaera subglobosa Oleinik and Zinsmeister, 
1996, has a less elongated shell, lower spire, and wider 
apical angle. Seymourosphaera elevata Oleinik and 
Zinsmeister, 1996, has a more elongated shell, elevated 
spire, smaller apical angle and four rather than five 
whorls. Seymourosphaera depressa Oleinik and Zins- 
meister, 1996, has a lower spire, broader aperture and 
lacks radial sculpture on the spire whorls. 


Seymourosphaera subglobosa Oleinik and 
Zinsmeister, 1996 
Plate 8, figures 10—13, 20 


Seymourosphaera subglobosa Oleinik and Zinsmeister, 1996, p. 930, 
figs. 2.2, 5.9, 5.12-5.17. 


Dimensions.—Holotype USNM 487292, height 33.3 
mm, diameter of last whorl 26.3 mm. 

Types.—Holotype USNM 487292; paratypes 
USNM 487293, USNM 487295, USNM 487297, PU 
9, PU 496, PU! 1135, PU! 1430 

Localities.—1133, 1136 (type), 1430. 

Material.—15 specimens. 

Stratigraphic range.—1145 to 1165 m. 

Discussion.—Austrosphaera glabra Camacho, 


1949, differs from Seymourosphaera subglobosa in 
lacking distinct spiral sculpture, narrower callus, 
broader aperture, straight columella, and by the pres- 
ence of a fasciole. Seymourosphaera depressa has a 
less elevated spire, broader apical angle. Austros- 
phaera patagonia (Feruglio, 1936) has a fasciole, si- 
phonal notch, and a narrower callus and a generally 
more elongated shell. 


Seymourosphaera depressa Oleinik and 
Zinsmeister, 1996 
Plate 8, figures 8, 9 


Seymourosphaera depressa Oleinik and Zinsmeister, 1996, p. 930, 
figs. 5.7—-5.8. 


Dimensions.—Holotype USNM 487290, height 38.3 
mm, diameter of last whorl 28.7 mm. 

Type.—Holotype USNM 487290; paratypes PU 9, 
PU 1135: 

Localities.—9, 1104, 1434 (type). 

Material.—Five specimens. 

Stratigraphic distribution.—1168 to 1375 m. 

Discussion.—Austrosphaera glabra Camacho, 
1949, differs in having a generally narrow and thicker 
callus, absence of spiral sculpture on the spire whorls 
and by the presence of a fasciole. The shell of Sey- 
mourosphaera subglobosa is more inflated and the ap- 
erture is narrower with a more concave columella. Sey- 
mourosphaera bulloides.may be separated by is nar- 
rower aperture, higher spire, and more prominent spi- 
ral sculpture. 


Seymourosphaera elevata Oleinik and Zinsmeister, 
1996 
Plate 8, figures 14-19, 21, 22 


Seymourosphaera elevata Oleinik and Zinsmeister, 1996, p. 931, 
figs..5-18,-5.19)5:22-5.27. 


Dimensions.—Holotype USNM 487288, height 37.4 
mm, diameter of last whorl 26.0 mm. 

Type.—Holotype USNM 487288, paratypes, USNM 
487287, USNM 487291, USNM 487299, PU 9, PU 
496, PU 1430. 

Localities 496, 1119, 1135 (type), 1136, 1148, 
1189, 1430, 1432, 1433, 1506, 1577, 1586. 

Material.—42 specimens. 

Stratigraphic range.—1071 to 1215 m. 

Discussion.—This is the most distinctive and easily 
recognizable species of Seymourosphaera on Seymour 
Island. It differs from the other species by the absence 
of regular spiral sculpture, smaller apical angle, and 
higher spire consisting of five whorls. Seymouros- 


phaera elevata differs from Austrosphaera glabra Ca- 
macho, 1949, in having a more elongated shape, high- 
er spire, and broader callus with a concave columella. 
Compared to A. patagonica (Feruglio, 1936), S. ele- 
vata has a more elongated shell, higher spire, concave 
columella and the absence of regular spiral sculpture, 
a well-developed fasciole and a siphonal notch. 


Genus STREPSIDURA Swainson, 1840 
Type species (by original designation).—Murex tur- 
gidus (Solander, 1766). 
Strepsidura? polaris, new species 
Plate 8, figures 27, 28 


Diagnosis.—Relatively small to moderately sized 
buccinid with moderately high, slightly concave to 
near papillate, spire and subfusiform outline; spire an- 
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gle about 54°; last whorl inflated with broadly cancel- 
late sculpture of rounded, broad axial costae and many 
incised spirals; base contracted to notched, oblique, 
spout-like canal; differs from type species, Strepsidura 
turgida (Solander, 1766), in having a higher, more con- 
cave spire, more robust ornamentation, and a shorter 
siphonal canal. 

Description.—Shell small- to medium-sized (23.5 
mm high), moderately high-spired, moderately robust, 
subfusiform to somewhat inflated biconical outline: 
spire with slightly concave to near papillate outline, of 
at least 4, nearly stacked whorls; spire angle approxi- 
mately 54°; whorl inflation slow then rapid from pen- 
ultimate to last whorl; protoconch apparently large, in- 
complete on holotype; suture weakly impressed: last 
whorl moderately inflated, convex, ornamented with 
near opisthocline-trending, cancellate, broad, axial ribs 
and many incised, equally spaced, spiral ribs; spire 
whorl sculpture obscured by diagenetic alteration of 
shell; base contracted gradually to curved, abaxially 
twisted, spout-like, moderately broadly notched canal; 
columella moderately short, concave; smooth; outer lip 
smooth, thin. 

Dimensions.—Holotype USNM 511888, height 23.5 
mm, diameter of last whorl 16.0 mm. 

Type.—Holotype USNM 511888. 

Locality.—9. 

Material.—One specimen. 

Stratigraphic occurrence.—1167 m. 

Discussion.—The only collected specimen of this 
species of buccinid gastropod has been slightly dia- 
genetically altered such that the ornamentation is not 
clearly preserved, especially on the spire. The subfus- 
iform outline and cancellate sculpture is consistent 
with members of the Pseudolivinae, and the Tertiary 
genus Strepsidura may be a likely candidate for genus- 
level assignment, as apart from the apparent lack of a 
plication on the columella, there is general agreement 
in shell outline, sculpture and the oblique-trending, 
notched siphonal canal. The Eocene European type 
species, S. turgida (Solander, 1766) (p. 26, pl. 4, fig. 
51; see also Sowerby, 1821, pl. 291, fig. 7; Cossmann, 
1889, pp. 162-163; Wenz, 1943, p. 1270, fig. 3611) 
has a lower spire, two columellar plaits, and a slightly 
longer siphonal canal. This species may represent a 
new group, but more material is needed to make a 
more concrete assessment. Other Paleocene species 
such as S. kerstingi Oppenheim, 1914 (p. 58, pl. 5, 
figs. 4a, b; Adegoke, 1977, pp. 158-159, pl. 24, figs. 
22-26), from Nigeria and Strepsidura sp. of Kollmann 
and Peel (1983) (pp. 86-87, fig. 192) from Greenland 
are not closely related forms. 

Etymology.—Species named for its polar occur- 
rence. 


Family FASCIOLARTIIDAE Gray, 1853 
Subfamily FASCIOLARIINAE Gray, 1853 
Genus PALEOPSEPHAEA Wade, 1926 


Type species (by original designation).—Paleopse- 
phaea mutabilis Wade, 1926. 


Paleosephaea? nodoprosta, new species 
Plate 9, figures 6, 7, 11-16 


Paleopsephaea n. sp. Zinsmeister et al., 1989, p. 733, fig. 2, p. 734, 
fig: 3): 


Diagnosis.—Moderately sized Paleopsephaea with 
moderately low spire of more than 5 strongly noded 
whorls; spire whorls and last whorl bearing 12—14 pro- 
jecting tubercles, some more axially extending; si- 
phonal canal short, only gently twisted, with moder- 
ately broad notch; columella with at least two oblique 
plaits; distinguished from type species, P. mutabilis, in 
having peripheral projecting nodes most of which do 
not axially extend and a much shorter, notched canal. 

Description.—Shell medium-sized (up to ~45 mm 
high), solid, moderately high-spired biconic-fusiform; 
spire of more than 5 strongly noded whorls, about 40% 
of total shell height; protoconch incomplete, but seem- 
ingly polygyrate of more than 2 smooth whorls; whorl 
inflation generally constant, increasing from penulti- 
mate to last whorl; spire angle varies from 43° to 52°; 
sutures gently declivous, encroaching on previous 
whorls; last whorl with steep, moderately concave 
adapical slope, merging with strongly noded medial 
periphery; basal constriction moderately rapid below 
medial angulation; sculpture on last whorl of 12—14 
variably sharp to axially extending nodes and weak 
spiral threads; growth lines with broad sinus, apex sit- 
uated at center of periphery on nodes; spire whorls 
with medial or just adapical of suture angulation bear- 
ing 13-14 strong tubercles, some slightly extending 
axially; aperture moderately narrow, sublenticular, 
with moderately short broadly notched, only slightly 
twisted, canal; columella long, mostly straight, bearing 
at least two oblique folds; outer lip moderately thick, 
smooth. 

Dimensions.—Holotype USNM 511889, height 39.5 
mm, diameter of last whorl 20.5 mm; paratype USNM 
511890, height 44.5 mm, diameter of last whorl 24.5 
mm; paratype USNM 511891, height 38.5 mm, di- 
ameter of last whorl 23.5 mm. 

Type species.—Holotype USNM 511889: paratypes 
USNM 511890, USNM 511891, USNM 511892. 

Localities.—746, 1104, 1586, 1701. 

Material.—12 specimens. 

Stratigraphic distribution.—1134 to 1375 m. 

Discussion.—The siphonal canal of Paleopsephaea? 
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nodoprosta n. sp. is relatively short and the peripheries 
of spire whorls and last whorl bear strong tubercles, 
compared to the latest Cretaceous type species, P. mu- 
tabilis Wade, 1926 (p. 123, pl. 40, figs. 4, 5, 8; Wenz, 
1943, p. 1328, fig. 3772; Sohl, 1964, pp. 209-210, pl. 
28, figs. 1-6) from the Gulf Coast of North America, 
but the slender outline, contracted whorls, and position 
of columellar folds are consistent with Paleopsephaea. 
Further, P. mutabilis has three columellar folds, but 
only two are visible on P.? nodoprosta. A possible 
fourth specimen of P.? nodoprosta, USNM 511892 
(see Plate 6, figures 15, 16), is recorded from Loc. 
746-4 and is incomplete, but is more slender with ax- 
ially extending peripheral nodes. 

Etymology.—Species named from the Latin prosto 
(equivalent to “stand out, project”) and the Latin no- 
dus (equivalent to “knot, swelling”) for its protruding 
tubercles or nodes. 


Subfamily FUSININAE Swainson, 1840? 
Genus TAIOMA Finlay and Marwick, 1937 

Type species (by original designation).—Taioma tri- 
carinata Finlay and Marwick, 1937. 

Discussion.—The family-level placement of Taioma 
is contentious in the literature as this characteristic 
Austral Late Cretaceous to Paleogene group has been 
placed in its own family Taiomidae (Finlay and Mar- 
wick, 1937; Stilwell and Zinsmeister, 1992; Griffin and 
Hiinicken, 1994), Fasciolariidae: Taiominae (Wenz, 
1943), Turridae: Thatcheriinae (Stilwell, 1994), and 
Fasciolariidae: Fusininae (Fricker, 1999). This confu- 
sion of relationship between Taioma and especially the 
Turridae and Fasciolariidae hinges on common fea- 
tures shared between these groups. Until a detailed 
study of this genus is completed, we concur with Wenz 
(1943) and Fricker (1999) that Taioma can be included 
in the Fasciolariidae as it shares a similar size and shell 
form, a long siphonal canal, a smooth columella and 
a similar growth line sinus that many fasciolarids have 
and can be confused with Turridae. However, the turrid 
genus Clinura Bellardi, 1875, combines features of 
Taioma and Turridae, and cannot be easily dismissed 
as unrelated. Taioma is recorded from the Late Cre- 
taceous to Eocene of Antarctica, Paleocene of New 
Zealand, Paleocene of Patagonia, and perhaps the Pa- 
leocene of Greenland (see Stilwell, 1994, for review). 


Taioma sobrali, new species 
Plate 9, figures 17—22 
Diagnosis.—Moderately sized, rather tumid, pago- 
daform to broadly fusiform Taioma with at least 5 
noded, low-keeled, pagodaform whorls; whorls par- 
tially enveloped by succeeding whorls, so that abapical 
part of whorl just below tubercled keels are hidden, 


marked by suture line; last whorl bicarinate, spiral 
sculpture weaker than growth lines, spiral ribs more 
spaced abapically below keel; growth lines separate 
and in some instances dissect tubercles; separated from 
likely descendent, 7. bicarinata Stilwell and Zins- 
meister, 1992, in having a smaller shell, weaker spiral 
sculpture and tubercle development. 

Description.—Shell medium-sized for genus (more 
than 39.0 mm high), solid, tumid, broadly fusiform to 
pagodaform; spire moderately high, of at least 5 nod- 
ed, keeled, slightly compressed, pagodaform whorls; 
whorl inflation very rapid from penultimate to last 
whorl; protoconch conical, small, paucispiral of seem- 
ingly two smooth whorls; spire angle approximately 
75°; sutures partially clasping, abutting against keel of 
previous whorls; last whorl capacious, moderately in- 
flated, bicarinate, subsutural ramp very steep, short, 
shoulder steep and mostly straight, merging with a 
strong, projecting, noded keel with some 18—20 poorly 
to moderately defined tubercles, excavated below 
abapically, merging with secondary abapical angula- 
tion or rather week keel; basal constriction moderately 
rapid; spiral ornamentation weak of closely spaced, 
weakly beaded threads and rather broadly spaced cords 
on lower abapical half of last whorl below primary 
keel; growth lines strong, especially between each tu- 
bercle, broadly opisthocyrt, with moderately deep si- 
nus with apex situated midway on shoulder; spire 
whorls with strong subsutural keel bearing sharp nodes 
sitting directly on suture; whorls partially envelop suc- 
ceeding whorl, so that area of whorl abapical of keel 
hidden; aperture moderately open, broadly lenticular 
to subovate; siphonal canal incomplete; columella 
broadly concave, smooth, with moderately broad cal- 
lus; outer lip moderately thick with distinct sinus on 
shoulder. 

Dimensions.—Holotype USNM 511893, height 40.0 
mm, diameter of last whorl 30.5 mm; paratype USNM 
511894, height 23.5 mm, diameter of last whorl 16.5 
mm; paratype USNM 511895, height 27.0 mm nearly 
complete, diameter of last whorl 21.5 mm. 

Types.—Holotype USNM_ 511893; paratypes 
USNM 511894, USNM 511895. 

Localities. —497, 1104 (type), 1105, 1130, 1431. 

Material.—19 specimens. 

Stratigraphic range.—1095 to 1375 m. 

Discussion.—Taioma sobrali n. sp. fills a gap in the 
Antarctic lineage of this Late Cretaceous to Eocene 
group. Until this record from the Sobral Formation, 
Taioma was recognized from the Campanian—Maas- 
trichtian deposits of Seymour, Humps and James Ross 
islands (Macellari, 1984; Stilwell and Zinsmeister, 
1987c; Aguirre-Urreta and Olivero, 1992) and Eocene 
shallow-marine deposits of Seymour Island (Zinsmeis- 
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ter, 1982; Stilwell and Zinsmeister, 1992). A lineal re- 
lationship between 7. sobrali and T. bicarinata Stl- 
well and Zinsmeister, 1992 (pp. 137-138, pl. 19, figs. 
a-d) is highly probable, as these taxa are extremely 
close morphologically. Minor differences in size of 
shell, tubercle development and spiral ornamentation 
serve to distinguish these Antarctic taxa. Taioma so- 
brali has a smaller shell, less developed tubercles cre- 
ating a slightly weaker keel, and weaker spiral sculp- 
ture, compared with 7. bicarinata. Although the ho- 
lotype and two other recorded specimens of 7. sobrali 
are slightly crushed from compaction, a bit abraded 
and slightly incomplete, it would be rather difficult to 
differentiate these specimens from others of 7. bicar- 
inata if they were recovered from the same unit. Taio- 
ma charcotianus (Wilckens, 1910) (pp. 91—93, pl. 4, 
figs. 6a, b, 8, 11; Macellari, 1984, pl. 35, figs. 6—8; 
Fricker, 1999, pp. 202-205, pl. 6, figs. 6, 7) from the 
Campanian—Maastrichtian of Antarctica is much closer 
in age to T. sobrali than this species is to 7. bicarinata, 
but a close relationship is not probable, as 7. charco- 
tianus has a very high-spired fusiform shell with more 
centrally located keels, unlike the tumid nature of 7. 
sobrali and T. bicarinata. The New Zealand Paleocene 
type species, T. tricarinata Finlay and Marwick, 1937 
(p. 72, pl. 10, figs. 5-7; Wenz, 1943, p. 1256, fig. 
3579; Fleming, 1966, p. 320, pl. 111, figs. 1361-1363; 
Stilwell, 1994, pp. 1087-1090, pl. 76, figs. 10-17), 
also has a high spire and is tricarinate, unlike 7. so- 
brali. Of note, Clinura sp. 1 of Kollmann and Peel 
(1983) (p. 97, fig. 220, especially C, D) from the Pa- 
leocene of Greenland may be a congeneric form, but 
the position of the keel on the spire whorl is more 
adapically positioned above the suture and has stron- 
ger spiral sculpture, but weaker growth lines, com- 
pared with 7. sobrali. 

The greatly disjunct, bi-polar distribution of Taioma 
during the Paleocene is difficult to reconcile if Clinura 
sp. | proves to be more appropriately allocated to 
Taioma. Perhaps Taioma had a more widespread dis- 
tribution during the Late Cretaceous than previously 
thought, or the groups are indeed homeomorphs. 

Etymology.—Species named for its presence in the 
Sobral Formation. 


Superfamily VOLUTOIDEA Rafinesque, 1815 
Family VOLUTIDAE Rafinesque, 1815 
Subfamily ZIDONINAE Pilsbry and Olsson, 1954 


Genus ZYGOMELON Harasewych and Marshall, 
1995 


Type species (by original designation).—Zygomelon 
zodion Harasewych and Marshall, 1995. 
Discussion.—The stratigraphic range of Zygomelon 


is extended into the early Paleocene with the descrip- 
tion herein of Z. apheles n. sp. from the Sobral For- 
mation. The genus is represented only by Z. suropsilos 
(Stilwell and Zinsmeister, 1992), from the Eocene La 
Meseta Formation (Units V—VI), and the New Zealand 
type species, Z. zodion Harasewych and Marshall, 
L995: 


Zygomelon apheles, new species 
Plate 10, figures 4—10 

Diagnosis.—Teleoconch of 6—7 smooth, rounded or 
weakly angulated whorls, callus thin, columella with 
a single oblique fold, and siphonal fasciole inconspic- 
uous. 

Description.—Shell of medium size (up to 77.2 
mm), moderately thin for size, biconic, with fusiform 
spire, rounded anteriorly; protoconch not preserved: 
teleoconch of up to 7 convex, rounded or weakly an- 
gulated whorls. Suture adpressed; shell surface smooth 
except for thin axial growth lines; aperture ovate, ta- 
pering anteriorly and posteriorly; siphonal fasciole 
weak and inconspicuous on some specimens; outer lip 
smooth and simple; columella smooth with one 
oblique fold, located in the middle or slightly below 
the middle. 

Dimensions.—Holotype USNM 511896, height 53.0 
mm, diameter of last whorl 25.0 mm; paratype USNM 
511897, height 58.0 mm, diameter of last whorl 26.0 
mm; paratype USNM 511898, height 70.5 mm, di- 
ameter of last whorl incomplete; paratype USNM 
511899, height, 40.0 mm, diameter of last whorl 20.0 
mm; paratype USNM 511900, height 47.0 mm nearly 
complete, diameter of last whorl 23.0 mm. 

Types.—Holotype USNM 511896; paratypes 
USNM_ 511897, USNM 511898, USNM 511899, 
USNM 511900. 

Localities.—9, 746, 1104, 1192, 1431, 1442, 1601. 

Stratigraphic range.—1124 to 1375 m. 

Material.—13 specimens. 

Discussion.—Zygomelon apheles n. sp. is distin- 
guished from the Recent New Zealand type species, 
Zygomelon zodion Harasewych and Marshall, 1995 
(pp. 145-150, figs. 1-13), in having a larger size, 
thicker shell, lack of spiral and axial sculpture, other 
than growth lines, single oblique columellar plait, and 
narrower aperture tapering anteriorly and posteriorly. 

Etymology.—Named from the Greek apheles 
(equivalent to “‘even, smooth, simple” for its smooth, 
unornamented shell. 


Family MITRIDAE Swainson, 1831 
Subfamily MITRINAE Swainson, 1831 
Genus MITRA Swainson, 1831 


Type species (by tautonomy).—Voluta mitra Lin- 
naeus, 1758. 
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Subgenus EUMITRA Tate, 1889 


Type species (by subsequent designation, Cotton, 
1957).—Mitra alokiza Tenison-Woods, 1880. 


Mitra (Eumitra?) antarctmella, new species 
Plate 10, figures 11—14 


Diagnosis.—Moderately sized mitrid with a ovately 
fusiform outline and characteristic telescoped whorl 
profiles; spire subgradate; sculpture poorly defined of 
weak spiral threads and mostly orthocline growth 
lines: short canal with distinct notch; columella with 
two folds (a possible adapical third poorly preserved): 
distinguished from Mitra (Ewmitra) sadleri Stilwell 
and Zinsmeister, 1992, in having a higher spire, more 
elongate last whorl, weaker spiral sculpture and dis- 
tinct telescoped whorls. 

Description.—Shell_ medium-sized for genus and 
subgenus (at least 33.0 mm high), moderately robust, 
moderately high-spired elongate-fusiform; spire of at 
least 3, gradate, telescoped, subsuturally swollen, sub- 
quadrate whorls; spire 38% of total shell height; whorl 
inflation relatively rapid from penultimate to last 
whorl; spire angle acute, approximately 35°; sutures 
weakly impressed to nearly channeled; protoconch un- 
known; last whorl capacious, but only moderately in- 
flated axially, with subsutural swollen ‘‘collar” just ab- 
apical of suture, becoming concave with a constriction 
between swollen “collar” and lower abapical swollen 
region followed by moderate tapering of siphonal ca- 
nal; sculpture poorly defined on holotype, but of weak 
spiral threads and mostly orthocline growth lines; only 
growth lines on spire whorls; aperture nearly half of 
length of shell, narrowly lenticular; canal short, with 
moderately broad spout; columella gently concave, 
with at least two, closely spaced, moderately devel- 
oped, columellar folds, a possible third adapical plait 
present, but poorly preserved on holotype, and a nar- 
row callus; outer lip thin. 

Dimensions.—Holotype USNM 511901, height 33.0 
mm, diameter of last whorl 16.0 mm; paratype USNM 
511902, height 19.5 mm, diameter of last whorl 9.5 
mm. 

Types.—Holotype USNM 511901; paratype USNM 
511902. 

Localities.—1108, 1635. Material for both localities 
was collected as surface float. Precise stratigraphic ho- 
rizon can only be approximated: locality 1108~1210 
m, locality 1635~1175 m. 

Material.—Two specimens. 

Discussion.—The holotype and paratype of Mitra 
(Eumitra?) antarctmella n. sp. are coarsely preserved 
and worn, so that detail of ornamentation and colu- 
mella are ill defined. Thus, although clearly a member 


of the Mitra Lamarck, 1798, group, a subgenus-level 
assignment is tentative at the time of this writing. The 
specimens have a moderately high-spired fusiform out- 
line, at least two folds (a possible adapical third poorly 
preserved on the holotype), a subgradate spire, irreg- 
ular growth lines, a distinct notch, a slightly produced 
canal, all characters consistent with Mitra (Eumitra) 
(see review by Cernohorsky, 1970, pp. 36-37). If pos- 
itively identified, this specimen is the oldest member 
of this Tertiary group that became extinct in Australia 
and New Zealand during the early Pliocene. Previous- 
ly, the oldest record was from the Eocene of Antarc- 
tica, where two species were described, M. (E.) mon- 
oplicata and M. (E.) sadleri, by Stilwell and Zins- 
meister (1992) from the La Meseta Formation. 

Mitra (Eumitra?) antarctmella n. sp. is most closely 
allied with M. (E£.) sadleri Stilwell and Zinsmeister, 
1992 (p. 148, pl. 21, fig. e) from Units I—V of the La 
Meseta Formation, but the Sobral species has a higher 
spire, more elongate last whorl with a swollen subsu- 
tural collar, and also spire whorls that are more su- 
bquadrate and telescoped. The sculpture and whorl 
shape of M. (E.?) antarctmella is also reminiscent of 
M. (E.) waitematiaensis (Powell and Bartrum, 1929) 
(see Cernohorsky, 1970, p. 37, pl. 3, fig. 5) from the 
Miocene of New Zealand, but the Antarctic species is 
slightly smaller with more telescoped whorls and more 
developed subsutural *‘collars.” 

Etymology.—Species named from the Latin me//lum 
(equivalent to “‘collar’), for its swollen, collar-like 
subsutural inflation and for its Antarctic occurrence. 


Order STYLOMATOPHORA A. Schmidt, 1865 


Suborder TOXOGLOSSA Troschel in Troschel and 
Ruthe, 1848 


Superfamily CONOIDEA Rafinesque, 1815 
Family TURRIDAE Swainson, 1840 
Subfamily PPEUDOTOMINAE Bellardi, 1875 


Genus MARSHALLARIA Finlay and Marwick, 
1937 


Type species (by original designation).—Verconella 
spiralis Allan, 1926. 

Discussion.—A solely Austral group, the geograph- 
ic range of Marshallaria Finlay and Marwick, 1937, 
is expanded herein to include the Paleocene of Ant- 
arctica, previously recorded from the late early Paleo- 
cene to late early Miocene of New Zealand (Beu and 
Maxwell, 1990) and mid-Paleocene to early Oligocene 
of Victoria, Australia (Long, 1981; Darragh, 1997). 
Beu and Maxwell (1990, p. 124) stated that the few 
records of this turrid indicate that species during the 
Tertiary favored mid-shelf to upper bathyal zones; 
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however, M. multicincta (Marshall, 1917) from the 
New Zealand Paleocene and M. variegata n. sp. from 
the Antarctic Paleocene lived in nearshore, subtidal en- 
vironments along the inner shelf suggesting a possible 
gradual shift from shallower to deeper waters through- 
out the Tertiary. 

Further research on early Tertiary turrids is required 
to clarify the relationships of seemingly closely related 
groups such as Marshallaria and the Tertiary Euro- 
pean Pseudotoma Bellardi, 1875. Species of Marshal- 
laria have a slightly more produced siphonal canal and 
a narrower callus on the inner lip compared to species 
of Pseudotoma which have shorter less produced si- 
phonal canals and broader labial calluses. Additional 
study on these taxa may result in the abandonment of 
Marshallaria or at least reduction to subgenus level 
especially in light of the marked similarities between 
these two groups. Of note, another closely related 
group, Austrotoma Finlay, 1924, has a ridge-margined 
fasciole and a pronounced siphonal notch compared 
with Marshallaria (Beu and Maxwell, 1990, p. 124). 
Marshallena Allan, 1927, is another closely related 
taxon, but Marshallena has a more poorly defined si- 
nus and a regularly conic polygyrate protoconch in 
contrast to Marshallaria which has a more defined 
shallowly concave sinus on the adapical shoulder slope 
and polygyrate dome-shaped protoconch (see Powell, 
1966, p. 27). 


Marshallaria variegata, new species 
Plate 10, figures 17—22 


Diagnosis.—Relatively big Marshallaria with mod- 
erately high spire of at least 4.5 angulate, subtrapezi- 
form whorls; whorls partially envelop succeeding 
whorls variably, so that angulation on penultimate 
whorl either nearly abutting suture or well above adap- 
ically; spire angle varies from 56° to 67°; last whorl 
with strong medial angulation, bearing poorly devel- 
oped tubercles and weaker secondary one just below 
at onset of basal constriction; spiral sculpture stronger 
than growth lines; callus narrow, but rather thick; 
notch barely developed; outer lip moderately thick 
with sinus on shoulder; distinguished from closely al- 
lied type species, M. spiralis (Allan, 1926) in having 
a stronger peripheral angulation and an additional sec- 
ondary angulation below abapically, lower spire, and 
a longer, steeper, more concave adapical ramp on 
shoulder. 

Description.—Shell large for genus (up to 46.5 mm 
high), moderately thick-shelled, robust, relatively tu- 
mid, bioconic-fusiform; spire moderately high of at 
least 4.5, angulate, moderately compressed, subtrape- 
ziform whorls that partially envelop succeeding whorl; 
protoconch relatively large, dome-shaped, probably 


polygyrate, smooth, incomplete on available material; 
spire angle varies from 56° to 67°; whorl inflation rel- 
atively rapid, especially from penultimate to last 
whorl; sutures slightly impressed, gently declivous; 
last whorl capacious, biangulate, adapical ramp steep, 
moderately long, concave, merging with strong pe- 
ripheral angulation, bearing weak axially extending tu- 
bercles, and lower abapical secondary angulation, 
marked by onset of basal constriction, gently concave 
between angulations; sculpture of ~37—40 evenly and 
closely spaced spiral cords, more bunched on adapical 
sutural ramp on last whorl, and sinuous growth lines: 
sinus moderately concave on shoulder slope; spiral 
sculpture stronger than growth lines; ornamentation on 
spire whorls of ~15 spiral ribs and ~20 rather poorly 
defined tubercles on abapically positioned angulation; 
angulation on penultimate whorl variably positioned 
either just above suture or occupying a more medial 
whorl position; aperture over half the length of shell 
at 57% of shell height, moderately open, sublenticular 
with parietal canal and short, straight, virtually un- 
notched canal; columella long, concave above, straight 
below on pillar, callus narrow, thick, even along col- 
umella; fasciole poorly developed; outer lip moderate- 
ly thick with sinus on shoulder. 

Dimensions.—Holotype USNM 511904, 46.5 mm, 
diameter of last whorl 28.0 mm; paratype USNM 
511905, height 45.0 mm, diameter of last whorl 28.5 
mm; paratype USNM 511906, height 41.5 mm, di- 
ameter of last whorl 27.0 mm. 

Types.—Holotype USNM_ 511904; paratypes 
USNM 511905, USNM 511906. 

Locality.—746 (type), 1104, 1119, 1431, 1548. 

Material.—16 specimens. 

Stratigraphic range.—1096 to 1375 m. 

Discussion.—Marshallaria variegata n. sp., the old- 
est member of this group, fits comfortably in this Pa- 
leocene to Miocene genus, and greatly expands its 
geographic range. The late Eocene type species, M. 
spiralis (Allan, 1926) (p. 340, pl. 76, fig. 9: Wenz, 
1943; p: 1389° fis: 3925;"Powell, 1966; p27; pl. 1, 
fig. 13; Beu and Maxwell, 1990, p. 124, pl. 8, fig. x; 
Maxwell, 1992, p. 155, pl. 22, figs. b, c, I) has a higher 
spire, steeper and longer shoulder, and single angula- 
tion on the last whorl, compared with M. variegata. 
These two taxa are closely allied forms. Marshallaria 
multicincta (Marshall, 1917) (p. 457, pl. 35, fig. 30: 
Finlay and Marwick, 1937, p. 84, pl. 11, figs. 10-12; 
Fleming, 1966, p. 368, pl. 135, figs. 1588-1590) (= 
Daphnella ovata Marshall, 1917, p. 457, pl. 35, figs. 
28, 29) trom the New Zealand Paleocene and M. tu- 
mefacta Darragh, 1997 (p. 82, 84, fig. SQ, X. Y) from 
the Australian Paleocene are not closely related forms, 
but Marshallaria sp. a of Darragh (1997) (p. 84, fig. 
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5M, N) from the early Eocene is reminiscent of M. 
variegata, differing in the Australian species having a 
more tumid shell and a steeper, more concave, longer 
adapical ramp. Although the Turridae is speciose in 
the Antarctic Eocene, no Marshallaria species have 
been recorded, although Austrotoma oliveroi Stilwell 
and Zinsmeister, 1992 (pp. 155-156, pl. 23, figs. a—d) 
comes closest to M. variegata, but has a much weaker 
peripheral angulation, narrower callus, and longer 
steeper adapical slope. Further, the available material 
of M. variegata reveals some interesting intraspecific 
variation, mainly in shell outline (either tumid or less 
so), strength of tubercles on angulation, and position 
of angulation on penultimate whorl (e.g., extent to 
which last whorl envelops penultimate whorl). 

Etymology.—Species named from the Latin varie- 
gatus (equivalent to “‘of different sorts”) for its vari- 
able nature in terms of shell outline and especially or- 
namentation. 


Subfamily TURRINAE Swainson, 1840 
Genus COSMASYRINX Marwick, 1931 


Type species (by original designation).—Cosmasy- 
rinx monilifera Marwick, 1931. 


Subgenus THOLITOMA Finlay and Marwick, 1937 


Type species (by original designation).—Tholitoma 
dolorosa Finlay and Marwick, 1937. 

Discussion.—Recent work on Cosmasyrinx (Tholi- 
toma) indicates that this subgenus is more widespread 
than previously thought. The presence of the group in 
the Paleocene of Antarctica extends its range from 
middle to late Eocene, recorded by C. brychiosinus 
Stilwell and Zinsmeister, 1992. Darragh (1997) de- 
scribed C. (7.) levicristata from the Paleocene Pebble 
Point Formation of Victoria, Australia, and Cosmasy- 
rinx (Tholitoma) sp. of Long (1981) is the only known 
late Eocene species from Victoria, Australia. In New 
Zealand, Cosmasyrinx (Tholitoma) ranges from late 
early Paleocene to late Eocene (see Finlay and Mar- 
wick, 1937; Maxwell, 1992: Stilwell, 1994). 


Cosmasyrinx (Tholitoma) antarctigera, 
new species 
Plate 10, figures 15, 16 


Diagnosis.—Small- to medium-sized for group, 
somewhat fusiform to pagodaform; spire angle about 
63°; last whorl inflated with strong angulation or keel, 
bearing about 18 strong tubercles or nodes, some ax- 
ially extending, and spiral ornamentation of about 25 
gemmuliform threads; apex of moderately deep anal 
sinus on middle part of shoulder slope, positioned just 
above appearance of tubercles; distinguished from type 


species, Cosmasyrinx (Tholitoma) dolorosa Finlay and 
Marwick, 1937, in having a more tumid pagodaform 
outline, stronger keel, weaker spiral ornamentation, 
and less developed subsutural submoniliform spiral 
cord. 

Description.—Shell small- to medium-sized for ge- 
nus and subgenus, moderately thin, polished in well- 
preserved specimens, moderately fusiform to pagoda- 
form; spire moderately high of at least four keel 
whorls, bearing strong tubercles; whorl inflation rapid; 
spire angle approximately 63°; suture moderately im- 
pressed, gently descending; protoconch moderately 
large, incomplete on types, but apparently polygyrate, 
dome-shaped; last whorl capacious, strongly unicari- 
nate with prominent keel bearing ~18 moderately de- 
veloped, slightly axially extending, collabral tubercles, 
and rather weak sculpture of 25 somewhat irregular, 
gemmuliform, closely spaced riblets; adapical shoulder 
slope of last whorl steep, slightly concave, merging 
with strong peripheral angulation and contracting rap- 
idly abapically below to moderately long neck; pres- 
ence of subsutural riblets poorly developed, closely 
spaced gemmules on margining submoniliform inflat- 
ed cord; gemmules on subsutural cord trend opposite 
to tubercles on periphery and generally follow growth 
lines; growth lines moderately strong with deep sinus 
midway on shoulder slope; spire whorls strongly car- 
inate with 16 nodules on slightly inflated keel sitting 
directly on suture and some 20 weak spiral threads; 
aperture long, narrow, sublenticular; outer lip thin; 
anal sinus moderately deep, U-shaped, apex situated 
just abapical of midpoint on adapical ramp, just above 
the appearance of collabral tubercles. 

Dimensions.—Holotype USNM 511907, height 7.0 
mm, diameter of last whorl 5.5 mm; paratype USNM 
511908, height 6.5 mm, diameter of last whorl 4.5 
mm. 

Types.—Holotype USNM 511907; paratype USNM 
511908. 

Localities.—496, 1519 (type), 1535. 

Material.—Three specimens. 

Stratigraphic distribution.—1073 to 1179 m. 

Discussion.—Cosmasyrinx (Tholitoma) antarctig- 
era n. sp. is the oldest recorded member of the group, 
as it is present in the early Danian of Antarctica. The 
next oldest species is the type, C. (7.) dolorosa Finlay 
and Marwick, 1937 (pp. 85—86, pl. 12, figs. 6, 7; Flem- 
ing, 1966, p. 364, pl. 133, figs. 1570-1572; Powell, 
1966, p. 37, pl. 3, fig. 22; Stilwell, 1994, pp. 1059— 
1063, pl. 75, figs. 1-8), from the late early Paleocene 
of New Zealand, which differs from C. (7.) antarctig- 
era in having a slightly larger, more slender, more 
high-spired shell, a stronger subsutural moniliform spi- 
ral cord, and a more prominent keel. Another closely 
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related species is the mid-Paleocene species, C. (7-) 
levicristata Darragh, 1997 (p. 82, fig. SR, V, W, Z) 
from Victoria, Australia, but differs from the Sobral 
Formation species in having a more slender, higher 
spired shell, and fewer, more spaced collabral tubercles 
on the peripheral angulation. Cosmasyrinx (Tholitoma) 
antarctigera is a most likely candidate as the ancestor 
of C. brychiosinus Stilwell and Zinsmeister, 1992 (p. 
159, pl. 22, figs. i-l), from Units HI—VII of the La 
Meseta Formation of Seymour Island, and is separated 
from the younger Eocene C. brychiosinus in having a 
larger more inflated last whorl, a shorter spire, finer 
spiral ornamentation, and stronger tubercles on the 
keel. 

Etymology.—Species named from the Greek geras 
(equivalent to “‘old”’) for its earliest recorded occur- 
rence in Antarctica. 


Subclass OPISTHOBRANCHIA Milne-Edwards, 
1848 
Order CEPHALOSPIDEA Fischer, 1883 
Suborder ACTEONOIDA d Orbigny, 1842 
Superfamily PHILINOIDEA Gray, 1850 
Family CYLICHNIDAE A. Adams, 1850 
Genus CYLICHNANIA Marwick, 1931 

Type species (by original designation).—Cylichnan- 
ia bartrumi Marwick, 1931. 

Discussion.—Cylichnania Marwick, 1931, is re- 
corded from Antarctica for the first time, previously 
known only from the Late Cretaceous to late Pliocene? 
of New Zealand (Stilwell, 1994) and mid-Paleocene to 
late Eocene of Australia (Darragh, 1997). Cylichnania 
is distinct in having a subcylindrical outline, ornamen- 
tation of even, low, flat-topped spiral cords, and its 
deep apical depression, with labrum extending well 
adapically to the labium (Beu and Maxwell, 1990, p. 
238). Species of closely related Cylichna Loven, 1846, 
are characterized by small and cylindrical shells with 
a truncated abapical end, an involute spire reflecting a 
tightly coiled and multi-whorled shell, a small apical 
concavity and a columella with a single oblique fold 
(Abbott, 1974, p. 314; cf Stilwell and Zinsmeister, 
1992, p. 173). Species of Cylichnania are eurybathyal, 
ranging from at least inner shelf to upper bathyal en- 
vironments (cf. Beu and Maxwell, 1990, p. 238). Pa- 
leocene representatives C. impar Finlay and Marwick, 
1937, and Cylichnania n. sp. of Stilwell (1994), from 
the Wangaloa and Kauru formations of New Zealand 
are present in sandstones interpreted to have been de- 
posited along the inner shelf in a protected environ- 
ment (Stilwell, 1994, p. 1159). Cylichnania cf. C. im- 
par described below is also from an inner shelf envi- 
ronment. 


Cylichnania cf. C. impar Finlay and Marwick, 
1937 
Plate 10, figure 23 


Description.—Shell average-sized for genus (10 
mm high), thin, moderately slender, subcylindrical to 
narrowly ovate, involute, apex sunken (eroded on 
available specimen), subhorizontally truncated; orna- 
mentation of many, closely spaced, slightly wavy, re- 
volving spiral riblets (~15 per mm), generally weaker 
centrally on last whorl; growth lines weak becoming 
slightly stronger on edge of labrum, mostly orthocline 
apart from tendency to become weakly prosocline 
abapically near base; aperture very narrow, constrict- 
ing with parallel sides adapically, widening greatly at 
base; aperture at abapical end ovate; columella mostly 
straight, short, slightly truncated below, bearing a 
moderately developed plait, situated flush against col- 
umellar wall at base (covered by matrix more adapi- 
cally); umbilicus poorly developed; outer lip thin, 
probably finely crenulated, partially fragmented on 
available specimen; large break in shell during growth 
(damage by lip peeler?), which affected growth only 
slightly pathologically, in which spiral riblets along 
break are “‘warped.” 

Dimensions.—USNM 511915, height, 10.0 mm, di- 
ameter of last whorl 5.5 mm. 

Type.—Hypotype USNM 511915. 

Localities. —1519, 1538. 

Material.—Three specimens. 

Stratigraphic range.—1073 to 1104 m. 

Discussion.—Only one opisthobranch gastropod has 
been reported from the Paleocene of Antarctica. It is 
surprising that acteonid and ringiculid gastropods are 
absent in Antarctic Paleocene deposits, being present 
in uppermost Cretaceous units in Antarctica and also 
in coeval shallow-marine deposits of New Zealand, 
Australia, and South America, where opisthobranchs 
are moderately to highly diverse. The sole specimen 
belongs to the Cylichnidae and has a close affinity 
with Cylichnania impar Finlay and Marwick, 1937 (p. 
93, pl. 13, fig. 1; Fleming, 1966, p. 382, pl. 142, fig. 
1690; Stilwell, 1994, pp. 1159-1161, pl. 81, figs. I- 
3) and Cylichnania n. sp. of Stilwell (1994, pp. 1161— 
1163, pl. 81, figs. 4, 5, 9, 13, 18) from the late early 
Paleocene of New Zealand, differing slightly in orna- 
mentation and shell outline. The Antarctic species has 
a slightly smaller, less ovate and more cylindrical shell 
with finer and more abundant, wavy spiral riblets, 
compared to C. impar and Cylichnania n. sp. of Stil- 
well (1994), but overall is more comparable to C. 1m- 
par. Although probably a new species, the Antarctic 
species is left in open nomenclature until more mate- 
rial is discovered. 
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Text-figure 5.—Stratigraphic plane analysis is a graphical tech- 
nique that produces two-dimensional geometric projections to vi- 
sualize simultaneously spatial and stratigraphic distribution of fossil 
occurrences using two intersecting planes (Reference and Strati- 
graphic) with a datum, which is defined by a specified elevation. 
The Reference Plane is a vertically oriented plane parallel to the 
strike of the sequence and is used to locate the spatial occurrence 
of x, y, and z coordinates of locality Z, where the y-axis is the strike 
of the sequence, the x-axis is normal to y, and the vertical z-axis 
defines the elevation. The Stratigraphic Plane is an arbitrarily des- 
ignated plane oriented parallel to the regional strike and dip of the 
bedding, where A is the angle of dip. X is the distance from the 
Reference Plane to Z and Z, represents the stratigraphic interval 
between locality Z and the Stratigraphic Plane. 


APPENDIX 
MAASTRICHTIAN/DANIAN SEYMOUR ISLAND DATA BASE 
William J. Zinsmeister 


The controversy about the nature, sequence, and 
timing of the extinction event at the K-T boundary has 
revealed several inherent limitations in the traditional 
biostratigraphic methods. The foundation of biostratig- 
raphy has been the measured section. Range data from 
measured sections, by convention, are combined into 
composite range charts that are intended to represent 
the temporal ranges of the taxa portrayed in the chart. 
An inherent problem with the use of measured sections 
is the integration of data that do not occur along any 
of the sections. The traditional approach when con- 
structing composite range figures is to determine the 
stratigraphic interval between an isolated fossil locality 
and a horizon that can be correlated into the measured 
section. In those cases where it is not practical or pos- 
sible to assign a locality to a known horizon, the strati- 
graphic location of the fossil occurrence is, as a con- 
sequence, estimated. In both approaches, the accuracy 
of the stratigraphic location of an isolated fossil local- 
ity is less than that obtained along a measured section. 

Another serious limitation in presenting occurrence 
data in composite range charts is the loss of the geo- 
graphic component with the data set. Although the 
data represented in a composite range chart may have 
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Text-figure 6.—Determination of Z, values (relative stratigraphic 
occurrence): Z, location of the locality, is equal to the elevation at 
that point; X, distance from Z to the Reference Plane RP; A, angle 
of dip of the Stratigraphic Plane (equal to dip of bedding); Z,, ver- 
tical distance from Z located on the datum to the stratigraphic plane; 
Z,, the stratigraphic distance from Z to the stratigraphic plane. If Z 
is located above the datum (Z,), the value of Z’ is equal to the 
difference between the elevation Z, and Z, (when Z is located on 
the datum, Z, equals Z,). The conversion of spatial to stratigraphic 
data is expressed by the formulae to the right of the figure. 


been based on a number of measured sections from a 
broad geographic area, the spatial components within 
the data are suppressed when the data are merged in 
a single-dimensional (temporal) range chart. Zinsmeis- 
ter (1996) discussed the need to evaluate biostrati- 
graphic data from a spatial perspective and presented 
the first two-dimensional figures (spatial and _strati- 
graphic) of the distribution of ammonites from Sey- 
mour Island. Zinsmeister (1998b) proposed a graphical 
technique, Projection Plane Analysis, which uses or- 
thographic projections to locate simultaneously spatial 
and stratigraphic fossil occurrences. This technique al- 
lows for the determination of the relative stratigraphic 
occurrence of any locality not located along a mea- 
sured section. For a detailed description of the tech- 
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Text-figure 7.—Geometric relationship of stratigraphic plane with 
spatial occurrence of location data. Regardless of the location of the 
data point, when the data are projected against the Stratigraphic 
Plane, the relative stratigraphic position of the data point in relation 
to other data points may be determined. Stratigraphic projections 
also highlight any stratigraphic or structural anomalies which may 
compromise the data set. 


EARLY PALEOCENE MOLLUSKS OF ANTARCTICA: STILWELL et al. 


Nn 
ies) 


1000 


400 


200 
0) 1000 2000 3000 


4000 5000 6000 7000 8000 


1000 


400 


200 


3000 4000 5000 6000 7000 
X 


8000 9000 10000 11000 12000 


Text-figure 8.—Two-dimensional projections of Maastrichtian/Danian fossil localities on Seymour Island. A, Z,Y projection of occurrence 
data along strike. B, projection of the data in A in a Z,X projection perpendicular to strike. Z,, stratigraphic occurrence (m) of localities; Y, 
distance (km) along strike; and X, distance (km) perpendicular to strike and from the intersection of the Stratigraphic and Reference planes 
with the datum horizon. The Stratigraphic Plane corresponds to the upper margin of the figures. Solid circles, Maastrichtian, and crosses, 
Danian localities in the Lopez de Bertodano Formation; open circles, Danian localities in the Sobral Formation. 


nique refer to Zinsmeister (2001). A brief summary of 
the Stratigraphic Plane Analysis is provided here as an 
introduction to stratigraphic data presented in this ap- 
pendix. 

The objectives of Projection Plane Analysis are to 
increase precision in the location of stratigraphic data 
not located along a measured section and to provide a 
technique to retain the spatial component in the eval- 
uation of a biostratigraphic data set over large geo- 
graphic areas. The technique is based on patterns pro- 
duced by orthographic projections of biostratigraphic 
data using two intersecting planes (Reference and Pro- 
jection planes) with a datum, which is defined by a 
specified elevation, typically sea level (Text-fig. 5). 
The Reference Plane is used to locate fossil localities 


spatially while the Projection Plane is a stratigraphic 
plane employed to locate the stratigraphic occurrence 
(Zn value) of a locality (Text-fig. 6). In traditional bio- 
stratigraphy, the data are plotted relative to a strati- 
graphic horizon, such as an ash bed or lithologic con- 
tact, which is considered to be a time horizon. The 
possibility exists that subtle surface relief along the 
stratigraphic horizon caused either by subtle changes 
of attitude or the bedding planes or pre-depositional 
erosion may compromise the stratigraphic integrity of 
data projected this way. Biostratigraphic errors caused 
by subtle surface relief along the horizon are magnified 
as the geographic area increases. As an example, a half 
of one degree of slope on a surface used to plot bio- 
stratigraphic data will produce an error of 8.7 m over 
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Table 3.—Maastrichian-Danian locality registry. Geographic and 
relative stratigraphic locations (Z,,) of Maastrichtian and Danian lo- 
calities from the Lopez de Bertodano and Sobral formations. All 
Maastrichtian localities from the Lopez de Bertodano Formation 
have been included because a number of the Danian taxa have rang- 
es that extend into the Maastrichtian. The X, Y, and Z values in 
Table 3 provide the geographic location of each locality. The coor- 
dinates are based on the location of the Reference Plane, which was 
oriented N38°30’E. The intersection of the Stratigraphic and Refer- 
ence planes is located 525 m east of conical hill (56°42'54.2” and 
64°15'75.5") located at the head of Cross Valley. The point at the 
head of Cross Valley is an arbitrary geographic point to locate the 
intersection of the Reference and Stratigraphic planes and to insure 
that all the localities would be located below the Stratigraphic Plane. 
The conical hill is located at a point 7000 m from the 0 m point on 
the Reference Plane. See Zinsmeister (2001) for in-depth discussion 
of the location and orientation of the Reference and Stratigraphic 
planes when using Stratigraphic Plane Analysis technique. 


Locality Ys Xx Zi Tas 

9 7010 5550 47 1167.94 
377 4690 8320 77 770.78 
38 4720 7890 82 832.30 
458 6440 7210 25 919.08 
459 6170 8150 3) 769.01 
468 6530 6970 36 963.16 
477 5920 6055 30 1058.45 
485 5880 6110 36 1056.12 
496 7000 5490 sil 1179.42 
497 7110 3810 22 1369.31 
631 6630 5660 40 1138.29 
648 6980 5500 55 1181.68 
724 6030 8160 24 784.60 
T29) 5930 9060 51 692.54 
746 1950 3870 5 1134.22 
754 5030 7310 48 885.08 
755 4490 7580 82 862.98 
756 5450 7530 43 866.53 
TST: 5560 7040 35 925.34 
758 5650 7460 34 873.15 
759 4620 7130 82 926.22 
760 4600 6950 83 949.59 
761 4600 7170 81 919.27 
762 4590 7190 82 917.29 
763 6450 7080 29 940.04 
764 4680 7190 79 917.91 
765 6130 7070 52 955.59 
767 4630 10360 15 444.17 
768 4930 10260 30 483.56 
769 4650 10800 58 430.94 
770 4750 6780 92 986.36 
ah 6100 6880 69 996.08 
TID 4900 8620 45 708.53 
TI3 5400 7460 38 868.91 
774 6030 6770 76 1015.19 
775 6580 6970 pHi] 955.47 
776 4070 7280 23 825.14 
777 6060 7090 40 939.14 
778 5980 7090 31 927.90 
779 5990, 6120 29 1051.14 
780 6050 7740 37 852.16 
781 5980 7730 39 853.40 
783 5750 5970 38 1072.17 


785 6000 7770 32 841.89 


Table 3.—Continued. 


Locality 


786 

860 

884 
1104 
1105 
1109 
1110 
1116 
1119 
1120 
1125 
1128 
1130 
1131 
1133 
1134 
1135; 
1136 
1137, 
1138 
1139 
1140 
1143 
1146 
1148 
1150 
1151 
1157 
1159: 
1161 
1164 
1166 
1167 
1170 
1171 
1172 
1173 
1174 
1175 
1176 
1177 
1178 
1180 
1182 
1183 
1184 
1185 
1186 
1187 
1188 
1189 
1190 
1192 
1194 
1195 
1196 
1197 
1198 
1199 
1201 
1204 


¥ 


6060. 
3990, 
3200 
7140 
7080 
1460 
1730 
2060 
1970 
1970 
2020 
1590 
2150 
2090 
1570 
1360 
1610 
1990 
1850 
1950 
2260 
2240 
1610 
2510 
2670 
1380 
1640 
1740 
1950 
5420 
1990 
1970 
1980 
1990 
2260 
1960 
1900 
1870 
1930 
2200 
1930 
2190 
1890 
2000 
1860 
1990 
1990 
1420 
2230 
1740 
1980 
2220 
1750 
2500 
2200 
1970 
1610 
2170 
2280 
1960 
1850 


Xx 
7820 
10080 
6020 
3790 
3790 
6240 
6460 
5540 
5440 
5175 
5350 
6310 
4510 
4690 
4310 
4290 
4310 
4250 
4250 
4365 
4400 
4440 
6240 
6810 
4210 
6680 
4990 
5330 
6040 
6100 
6100 
5320 
6090 
5540 


5200 
6720 
6620 
6130 
5470 
4615 
5550 
4230 
5670 
5090 
5190 
4760 
5100 
5030 
5220 
4670 


Z 


n 


828.26 
451.01 
1022.06 
1375.46 
1369.29 
855.43 
845.44 
962.53 
964.97 
1031.83 
1012.34 
858.81 
1094.66 
1065.89 
1087.34 
1083.14 
1091.90 
1136.32 
1125.70 
1107.16 
1145.11 
1133.82 
867.12 
865.07 
1215.89 
812.34 
1001.28 
993:59 
925.14 
1050.70 
920.86 
1019.10 
920.54 
957.28 
992-712 
966.84 
977.22 
1001.83 
1014.07 
977.47 
1020.61 
986.99 
1019.81 
915.30 
1008.94 
1031.81 
808.28 
821.71 
927.46 
961.68 
1070.85 
961.68 
1124.00 
988.52 
1035.83 
1030.89 
1032.95 
1033.75 
1054.24 
1026.41 
1050.78 


Table 3.—Continued. 
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Locality BY Xx 
1205 1600 4750 
1206 2470 5630 
1207 1415 4850. 
1211 5450 6130 
1404 1750 5650 
1412 1980 5180 
1420 4030 6370 
1424 1530 6270 
1425 1370 6250 
1426 3130 10190 
1427 3970 6680 
1428 5250 6190 
1429 4300 6180 
1430 4580 5890 
1431 2980 4620 
1432 2970 4940 
1433 2840 4515 
1434 4850 5680 
1435 3180 4660 
1436 1720 6390 
1437 3960 6780 
1438 4020 6390 
1439 3850 6910 
1439 3840 6790 
1440 1870 5190 
1441 4400 7050 
1442 3050 4710 
1443 4260 6160 
1448 4020 6500 
1451 6450. 6490 
1452 3680 5970 
1453 2540 6090 
1454 2840 5270 
1455 2780 5810 
1456 3530 5130 
1457 2430 4950 
1458 2800 5900 
1460 4280 6255 
1461 4420 6280 
1462 4370 6330 
1463 4380 6360 
1464 4340 6340 
1465 4300 6285 
1466 2630 5340 
1467 2730 5220 
1468 2160 5890 
1469 2600 5920 
1470 2680 6140 
1471 2700 6160 
1472 1790 6530 
1473 4000 5710 
1474 1830 5140 
1475 1810 5135 
1476 3840 6880 
1477 4250 6680 
1478 1490 5270 
1479 1480 5220 
1480 1430 5260 
1481 950, 5370 
1482 990 5370 
1483 6210 5740 


43 


101 


126 


Z 


in 


1037.56 
988.98 
1006.71 
1039.9] 
929.21 
1031.79 
1013.94 
856.12 
822.44 
408.97 
958.42 
1026.32 
1037.33 
1098.20 
1144.26 
1110.44 
1174.05 
1165.61 
1165.45 
866.71 
962.94 
1010.92 
941.16 
960.12 
1024.72 
931.48 
1140.34 
1040.17 
987.83 
1029.92 
1047.31 
958.51 
1052.02 
1011.92 
1154.22 
1060.38 
1042.09 
1027.80 
1030.50 
1022.95 
1023.48 
1020.40 
1024.79 
1038.37 
1030.43 
935:37 
996.69 
967.87 
968.39 
827.31 
1110.49 
1016.77 
1028.06 
953.48 
980.70 
985.29 
989.09 
972.74 
903.36 


= 909°10 


1125.14 


55 
Table 3.—Continued. 

Locality AY; x LZ: Li 
1484 2700 4470 61 1156.30 
1485 2580 7670 54 730.50 
1486 2430 8020 48 670.93 
1487 2460 8090 52 667.60 
1488 2830 8120 11 643.75 
1489 3020 10250 15 383.58 
1490 3970 9830 22 491.23 
1491 4250 9950 29 495.08 
1492 3800 8710 61 666.35 
1493 5080 6890 84 976.70 
1494 4350 6275 86 1029.19 
1496 5350 6210 32 1022.25 
1497 5340 6110 45 1047.68 
1498 5300 6180 37 1029.35 
1499 3860 5740 126 1116.11 
1501 3730 5780 130 1108.86 
1502 3640 5820 129 1098.44 
1504 6060 5720 57 1132.44 
1505 5870 5710 55 1126.18 
1506 5630 5770 54 1110.01 
1509 3130 4160 60 1218.33 
1510 2990 4200 55 1200.87 
1512 4000 8660 69 689.89 
1513 5700 6530 44 1004.43 
1514 4630 7400 1 884.90 
1515 6180 6540 38 1011.36 
1516 6060 6450 27 1008.67 
1517 4530 6480 101 1025.14 
1518 4170 6070 94 1055.80 
1519 4150 6010 104 1072.57 
1520 3690 6180 87 1012.80 
1521 3570 6300 81 985.64 
1522 3440 6360 93 983.44 
1523 3340 6220 113 1016.32 
1524 4580 6430 96 1028.65 
1525 4590 6480 109 1035.51 
1527 4750 6620 102 1016.88 
1528 4770 6830 86 974.75 
1529 4730 6270 100 1059.19 
1530 5370 5680 41 1100.12 
1531 6330 6270 34 1046.22 
1532 6330 6230 50 1067.23 
1533 6340 6170 48 1073.24 
1534 6390 6140 44 1074.45 
1535 6370 6110 44 1077.79 
1536 6410 6090 49 1086.36 
1537 6490 5940 40 1098.79 
1538 6520 5930 43 1103.80 
1539 5970 6085 34 1060.02 
1540 5910 6100 32 1054.34 
1541 2110 6210 64 901.07 
1542 1920 6260 84 902.89 
1543 1930 6330 12 882.59 
1544 2030 6150 78 917.85 
1545 1210 6240 71 846.77 
1546 3090 6840 86 896.86 
1547 3190 6880 90 900.86 
1548 3630 7170 105 900.28 
1549 3680 7200 105 898.81 
1552 4790 7420 64 877.72 
1553 4630 7500 74 871.03 


Table 3.—Continued. 


Locality 


1596 
1598 
1599 
1600 
1601 

1603 
1604 
1605 
1607 
1608 
1609 
1610 
1612 
1613 
1614 
1615 
1616 
1617 
1620 
1621 

1622 
1623 
1624 
1625 
1626 
1628 
1629 


ay 


5460 
5470 
4720 
5140 
4990 
5960 
5250 
6020 
6370 
4440 
4390 
4270 
1420 
3820 
1820 
1490 
3260 
1250 
4450 
1390 
3280 
3430 
3200 
4440 
1390 
2990 
2450 
3110 
6160 
6160 
5950 
3690 
3550 
3250 
1370 
3440 
3390 
6580 
6610 
3950 
5300 
5700 
5880 
4910 
5360 
6440 
5700 
1520 
1170 
4160 
4040 
4260 
4680 
1720 
3910 

920 

170 
2580 
4440 
2660 
4820 
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xX Z: Vb 
7540 34 856.65 
7780 46 837.98 
7370 68 885.39 
7730 57 843.91 
8340 86 788.62 
5930 33 1078.70 
6150 42 1036.43 
6145 30 1049.78 
6230 30 1048.45 
7320 84 896.39 
7400 83 883.01 
7320 82 887.23 
7120 84 837.98 
6060 98 885.39 
4910 45 843.91 
4740 50 1037.68 
4960 76 1137.86 
4595 45 1035.54 
6225 95 1048.74 
4720 46 1029.74 
4880 91 1164.05 
7090 91 886.94 
7310 92 847.98 

11090 17 344.39 
4795 42 1016.12 
4480 93 1202.49 
4490 56 1134.66 
4630 52 1148.82 
6130 29 1054.69 
6140 29 1053.40 
6110 32 1054.23 
6260 81 996.55 
6380 87 980.31 
6560 77 932.26 
6080 94 900.86 
6050 107 1037.25 
5900 1 1058.05 
5660 44 1141.05 
5590 53) 1159.72 
6980 94 928.79 
7470 43 869.16 
7430 28 872.65 
7250 36 909.29 
7050 76 941.86 
7310 39 887.86 
6740 48 1002.42 
5770 50 1108.26 
4820 28 1007.51 
7470 44 658.88 
9850 22 497.11 
6610 96 982.49 
7490 79 861.93 
8650 41 692.18 
7720 53 671.61 
6910 100 941.94 
5940 39 833.81 
6840 68 692.14 
SOLO 56 688.70 
8810 42 662.83 
7720 40 714.67 
5650 124 1166.34 


Table 3.—Continued. 


Locality Y x Z Vie 
1630 5630 8910 73 724.43 
1631 2500 5780 61 976.33 
1679 3440 8150 53 713.23 
1690 680 5520 51 882.85 
1694 3300 5040 72 1125.62 
1695 2260 5770 58 960.73 
1697 3440 8150 53 713.23 
1700 4830 5660 125 1166.43 
1703 4780 6850 85 CANESY/ 
1705 2020 5120 60 1032.05 
1706 4050 6420 96 1007.41 
1707 4020 6690 92 967.32 
1708 3920 6120 100 1044.14 
1709 1270 4600 46 1037.23 
1710 1150 4620 48 1028.56 
1711 2840 5850 130 1054.67 
1712 5780 6130 34 1048.52 
1713 1890 5230 73 1022.79 
1714 1980 5230 73 1028.33 
1716 6250 6140 39 1065.78 
1717 6230 6130 38 1065.53 
1718 5930 6110 32 1053.64 
1719 1700 4760 35 1033.73 
1720 2240 4720 35 1071.97 
1721 6240 7380 17 883.99 
1722 1860 5440 137 1057.35 
1723 5850 6090 35 1056.80 
1725 5600 4970 161 1318.19 
1726 4920 4970 162 1295.41 
1727 4870 4970 163 1294.51 
1728 4800 5340 159 1240.21 
1729 5210 7260 41 891.07 
1758 1690, 4785 26 1020.95 


a distance of | km. Plotting the stratigraphic data in 
respect to the Projection Plane, which is by definition 
a plane, eliminates any possibility of compromising 
faunal range as a consequence of surface relief along 
a physical datum (Text-fig. 7). 

By using Projection Plane techniques it is possible 
to merge both spatial and stratigraphic components of 
paleontologic data into two-dimensional figures (ZnY 
and ZnX projections). The ability to retain the spatial 
component within a data set has the potential to pro- 
vide insights into paleontologic or stratigraphic rela- 
tionships that are obscured by conventional single-di- 
mensional graphical presentations of biostratigraphic 
data. Text-figure 8 presents the relative stratigraphic 
location of 327 Maastrichtian and Danian fossil oc- 
currences located over approximately 70 km? of the 
southern two-thirds of Seymour Island. Geographic 
and stratigraphic locations of Maastrichtian and Dan- 
ian localities are listed in Table 3, and individual oc- 
currences and abundances in Tables 4 and 5. 


Table 4.—Danian locality/species occurrence registry. 


Locality Meters 


9 


447 


477 


496 


497 


1167.94 


1058.45 


1179.42 


1369.31 
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Table 4.—Continued. 


No. 
speci- 
Species mens 

Australoneilo gracilis 7 
Conotomaria sp. A 1 
Conotomaria sp. C 3 
Coral 1 
Crinoids (numerous) 
Cucullaea ellioti 25 
Echinoid spines 11 
Lahillia huberi 10 
Lahillia larseni l 
Levifusus woolfei n. sp. 21 
Marwickia woodburnei 45 
Nucula (Leionucula) hunickeni 1 
Nucula (Leionucula) suboblonga 1 
Probuccinum palaiocostatum n. sp. 1 
Seymourosphaera bulloides 27 
Seymourosphaera depressa 2) 
Strepsidura polaris 1 783 
Struthiochenopus hurleyi n. sp. 104 
Sycostoma pyrinota n. sp. 1 1104 
Vanikoropsis arktowskiana 37 
Zygomelon apheles n. sp. 3 

Total 303 
Brachiopod 17 
Lahillia larseni 20 
Nucula (Leionucula) suboblonga 1 
Struthiochenopus hurleyi n. sp. 10 
Acmea submesidia n. sp. 1 
Cucullaea ellioti 6 

Total 55 
Cucullaea ellioti 3 
Lahilla larsensi 15 

Total 18 
Cosmasyrinix antarctigera Nn. sp. 1 
Cucullaea ellioti | 1105 
Lahillia huberi 4 
Levifusus woolfei n. sp. l 
Seymourosphaera elevata 1 
Vanikoropsis arktowskiana 6 1161 

Total 14 
Antarctodarwinella austerocallosa 

n. sp. | 

Australoneilo gracilis 9 
Cucullaea ellioti 3 
Levifusus woolfei n. sp. 1 
Mesalia virginiae n. sp. 1 
Nucula (Leionucula) hunickeni 18 
Pinna freneixae 1 1119 
Scaphopod 4 
Serrifusus binodosum n. sp. 3 
Struthiochenopus hurleyi n. sp. 8 
Taioma sobrali n. sp. 15 

Total 64 
Cladocera antarctica 1 
Cucullaea ellioti 1 
Lahillia huberi 2 

Total 4 1130 
Australoneilo casei 1 
Conotomaria sp. C l 


Locality Meters 


1072.17 


1375.46 


1369.29 


1050.70 


1095.70 


1094.66 


Species 


57 


Cucullaea ellioti 
Lahillia huberi 
Lahillia larseni 
Marshallaria variegata n. sp. 
Marwickia woodburnei 
Mesalia virginiae n. sp. 
Nucula (Leionucula) hunickeni 
“Paleopsephaea” nodoprosta n. sp. 
Pinna freneixae 
Probuccinum palaiocostatum n. sp. 
Saxolucina antarctipleura n. sp. 
Serrifusus binodosum n. sp. 
Seymourosphaera bulloides 
Struthiochenopus hurleyi n. sp. 
Zygomelon apheles n. sp. 

Total 


Struthiochenopus hurleyi n. sp. 
Total 


Australoneilo gracilis 
Conotomaria sp. C 
“Heterotrema™ sp. 
Marshallaria variegata n. sp. 
Mesalia virginiae n. sp. 
Nucula (Leionucula) hunickeni 
“Paleopsephaea” nodoprosta n. sp. 
Pyropsis australis n. sp. 
Scaphopod 
Serrifusus binodosum n. sp. 
Seymourosphaera depressa 
Struthiochenopus hurleyi n. sp. 
Taioma sobrali n. sp. 
Zygomelon apheles n. sp. 

Total 
Conotomaria sp. A 
Saxolucina antarctipleura n. sp. 
Taioma sobrali n. sp. 

Total 


Conotomaria sp. C 

Cucullaea ellioti 

Lahillia larseni 

Marwickia woodburnei 

Nucula (Leionucula) suboblonga 

Panopea clausa 

Saxolucina antarctipleura n. sp. 

Struthiochenopus hurleyi n. sp. 
Total 


Cucullaea ellioti 
Lahillia larseni 
Marshallaria variegata n. sp. 
Nucula (Leionucula) suboblonga 
Seymourosphaera bulloides 
Seymourosphaera elevata 
Struthiochenopus hurleyi n. sp. 
Acesta webbi 

Total 
Cucullaea ellioti 
Lahillia larseni 
Marwickia woodburnei 
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Table 4.—Continued. 


Locality Meters 


Species 


Locality Meters 


Species 


1131 


1133 


1134 


1135 


1137 


1138 


1139 


1065.89 


1087.34 


1083.14 


1091.90 


1125.70 


1107.16 


1145.11 


Nucula (Leionucula) suboblonga 
Taioma sobrali n. sp. 
Total 
Acmea submesidia n. sp. 
Cucullaea ellioti 
Lahillia larseni 
Marwickia woodburnei 
Nucula (Leionucula) suboblonga 
Ostrea sp. 
Saxolucina antarctipleura n. sp. 
Struthiochenopus hurleyi n. sp. 
Total 


Lahillia larseni 
Total 
Acesta webbi 
Coral 
Lahillia larseni 
Marwickia woodburnei 
Nucula (Leionucula) suboblonga 
Pinna freneixae 
Seymourosphaera bulloides 
Struthiochenopus hurleyi n. sp. 
Vanikoropsis arktowskiana 
Total 
Acesta webbi 
Cucullaea ellioti 
Lahillia larseni 
Marwickia woodburnet 
Nucula (Leionucula) suboblonga 
Seymourosphaera bulloides 
Seymourosphaera elevata 
Struthiochenopus hurleyi n. sp. 
Total 
Crinoids 
Cucullaea ellioti 
Lahillia huberi 
Marwickia woodburnei 
Nucula (Leionucula) suboblonga 
Pinna freneixae 
Seymourosphaera bulloides 
Seymourosphaera elevata 
Struthiochenopus hurleyi n. sp. 
Wood 
Total 


Australoneilo gracilis 

Marwickia woodburnet 

Saxolucina antarctipleura n. sp. 

Struthiochenopus hurleyi n. sp. 
Total 

Australoneilo gracilis 

Marwickia woodburnei 

Nucula (Leionucula) suboblonga 

Periploma? n. sp. 

Serrifusus binodosum n. sp. 
Total 

Acesta webbi 

Marwickia woodburnei 


to 


ive) 
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1148 


1189 


to 


11192 


1430 


i) 
ee) 


1431 


1432 


1433 


1434 


1215.89 


1070.85 


1124.00 


1098.20 


1144.26 


1110.44 


1174.05 


1165.61 


Mesalia virginiae n. sp. 

Pinna freneixae 

Seymourosphera subglobosa 
Total 


Lahillia huberi 
Marwickia woodburnei 
Nucula (Leionucula) suboblonga 
Seymourosphaera elevata 
Struthiochenopus hurleyi n. sp. 
Total 
Cucullaea ellioti 
Marwickia woodburnet 
Nucula (Leionucula) suboblonga 
Seymourosphaera elevata 
Struthiochenopus hurleyi n. sp. 
Total 
Cucullaea ellioti 
Lahillia huberi 
Zygomelon apheles n. sp. 
Total 
Cucullaea ellioti 
Lahillia larseni 
Nucula (Leionucula) suboblonga 
Saxolucina antarctipleura n. sp. 
Seymourosphaera bulloides 
Seymourosphaera elevata 
Struthiochenopus hurleyi n. sp. 
Vanikoropsis arktowskiana 
Total 


Antarctiranella tessela n. gen. n. sp. 


Colus delrioae n. sp. 
Crinoids 
Cucullaea ellioti 
Lahillia larseni 
Marshallaria variegata n. sp. 
Nucula (Leionucula) suboblonga 
Serrifusus binodosum n. sp. 
Seymourosphaera bulloides 
Struthiochenopus hurleyi n. sp. 
Taioma sobrali n. sp. 
Vanikoropsis arktowskiana 
Zygomelon apheles n. sp. 
Total 
Marwickia woodburnet 
Nucula (Leionucula) suboblonga 
Seymourosphaera elevata 
Vanikoropsis arktowskiana 
Total 
Seymourosphaera elevata 
Struthiochenopus hurleyi n. sp. 
Total 
Antarctodarwinella austerocallosa 
n. sp. 
Australoneilo gracilis 
Cucullaea ellioti 
Echinoid spines 
Lahillia larseni 
Levifusus woolfei n. sp. 


No. 


speci- 
mens 
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Table 4.—Continued. 


Locality Meters 


1435 


1442 


1456 


1467 


1473 


1483 


1504 


1505 


1506 


1510 


1165.45 


1140.34 


1110.49 


1125.13 


1116.11 


1108.86 


1098.44 


1132.44 


1126.18 


1110.01 


1200.87 
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Table 4.—Continued. 
No. No. 
speci- speci- 
Species mens Locality Meters Species mens 
Marwickia woodburnei 7 Lahillia larseni 1 
Probuccinum palaiocostatum n. sp. 1 Marwickia woodburnei 1 
Seymourosphaera bulloides 11 Nucula (Leionucula) suboblonga 13 
Seymourosphaera depressa 1 Struthiochenopus hurleyi n. sp. =) 
Struthiochenopus hurleyi n. sp. 10 Vanikoropsis arktowskiana 1 
Vanikoropsis arktowskiana 19 Total pe) 
Total 65 1519 1072.57 Amauropsis notoleptos n. sp. 1 
Cucullaea ellioti 2 Cosmasyrinix antarctigera Nn. sp. 1 
Lahillia larseni 1 Cylichnania cf. C. impar 1 
Levifusus woolfei n. sp. 3 Euspira antarctidia n. sp. 1 
Marwickia woodburnei 2 Jupiteria? sp. 1 
Seymourosphera subglobosa 3 Lahillia larseni 2 
Struthiochenopus hurleyi n. sp. 3 Ledina? n. sp. 1 
Total 14 Melanella seymourensis n. sp. 1 
Struthiochenopus hurleyi n. sp. 1 Nuc¢ula (Leionucula) hunickeni 4 
Zygomelon apheles n. sp. l Nucula (Leionucula) suboblonga | 
Total 2 Periploma? n. sp. 1 
Struthiochenopus hurleyi n. sp. l Diautocheue pus hurleyi n. sp. 2 
5 Thyasira austrosulca n. sp. 1 
Total 1 
ast , Total 21 
Marwickia woodburnei 9 1529 1059.19 Il Hioti 10 
Nucula (Leionucula) suboblonga 1 a aa Cucu eG e fou 
x : ae % ; Lahillia larseni 9) 
Saxolucina antarctipleura n. sp. 14 ase d 
So I es z 5 Marwickia woodburnei 4 
Struthiochenopus hurleyi n. sp. 2, é 
Total 6 Nucula (Leionucula) suboblonga 3 
MAYA aren | meer hurleyi n. sp. Q) a 
Nucula (Leionucula) suboblonga 1 le =e 
Seymourosphera subglobosa l 1530 1100.12 Lahillia larseni 1 
Total 3 Marwickia woodburnei 2 
Cladocera antarctica 100 Wes : 
Ostrea sp. l 1531 1052.66 Amauropsis notoleptos n. sp. 1 
Total 101 Cucullaea ellioti 4 
Peri 9 Lahillia larseni 2 
eriploma? n. sp. 1 aa Ss : 
Marwickia woodburnei 3 
Total 1 ; 
pe ; Nucula (Leionucula) suboblonga 4 
Lahillia larseni 3 oe miete x5 
Total 3 truthiochenopus hurleyi n. sp. 2 
‘ ; Total 16 
Struthiochenopus hurleyi n. sp. 1 em , 
. 1532 1067.23 Lahillia larseni 2 
Total 1 ae : 
ee : - Marwickia woodburnei 2 
Marwickia Mi oodburmet iS Struthiochenopus hurleyi n. sp. 2 
NEG (Leionucula) suborlonEg 2 Total 6 
SUE OIOT ELD ASIANS BSD, 3 1533 1046.22 Marwickia woodburnei 1 
lots t Nucula (Leionucula) suboblonga 4 
Marwickia woodburnei 1 Wood 1 
Total 1 Total 6 
Levifusus woolfei n. sp. I 1534 1074.45 Acmea submesidia n. sp. 1 
Nucula (Leionucula) hunickeni 1 Cucullaea ellioti i 
Nucula (Leionucula) suboblonga 2 Marwickia woodburnei 4 
Struthiochenopus hurleyi n. sp. 3 Nucula (Letonucula) hunickeni 1 
Vanikoropsis arktowskiana 3 Nucula (Leionucula) suboblonga 2 
Total 10 Struthiochenopus hurleyi n. sp. 6 
Crinoids Total 15 
Nucula (Leionucula) suboblonga i 1535 1077.79 Bittium (Zebittium) brooksi n. sp. 50 
Seymourosphaera bulloides 1 Colus delrioae n. sp. 1 
Seymourosphaera elevata 1 Conotomaria sp. A 1 
Struthiochenopus hurleyt n. sp. ! Cosmasyrinix antarctigera Nn. sp. 1 
Vanikoropsis arktowskiana l Euspira antarctidia n. sp. 2 
Total 5 Melanella seymourensis n. sp. 3 
Cucullaea ellioti 1 
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Locality Meters 


1536 


1537 


1538 


1589 


1591 


1599 


1601 


1086.36 


1098.79 


1103.80 


1137.86 


1164.05 


1202.49 


1134.66 


1148.82 


1053.39 


1058.05 


1159572 
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No. 


Table 4.—Continued. 


speci- 
mens Locality Meters Species 


Nucula (Leionucula) suboblonga 

Nucula sp. 

Saxolucina antarctipleura n. sp. 

Struthiochenopus hurleyi n. sp. 
Total 

Cucullaea ellioti 

Marwickia woodburnet 

Nucula (Leionucula) suboblonga 

Struthiochenopus hurleyi n. sp. 
Total 


Bittium (Zebittium) brooksi n. sp. 
Cucullaea ellioti 
Lahillia larseni 
Marwickia woodburnei 
Nucula (Leionucula) suboblonga 
Struthiochenopus hurleyi n. sp. 
Total 
Cylichnania cf. C. impar 
Euspira antarctidia n. sp. 
Jupiteria? sp. 
Lahillia larseni 
Levifusus woolfei n. sp. 
Marwickia woodburnei 
Periploma? n. sp. 
Seymourosphaera bulloides 
Struthiochenopus hurleyi n. sp. 
Total 
Bryozoa 
Struthiochenopus hurleyi n. sp. 
Wood 
Total 
Bittium paleonotum n. sp. 
Total 
Marwickia woodburnet 
Nucula (Leionucula) suboblonga 
Paleopsephaea? nodoprosta n. sp. 
Seymourosphaera elevata 
Total 
Levifusus woolfei n. sp. 
Struthiochenopus hurleyi n. sp. 
Total 
Marwickia woodburnei 
Nuculana antarctirostrata n. sp. 
Pseudofax? paucus n. sp. 
Seymourosphaera bulloides 
Struthiochenopus hurleyi n. sp. 
Vanikoropsis arktowskiana 
Total 
Mesalia virginiae n. sp. 
Seymourtula antarctica 
Total 
Wood 
Total 


Cucullaea ellioti 
Seymourosphaera bulloides 
Struthiochenopus hurleyi n. sp. 
Vanikoropsis arktowskiana 


1 
1 
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Zygomelon apheles n. sp. 
Total 
1700 1166.43 Crinoids 
Seymourosphaera bulloides 
Struthiochenopus hurleyi n. sp. 
Total 
1715 Mesalia virginiae n. sp. 
Total 


1716 1065.78 Turritella (Haustator?) parisi n. sp. 


Total 


10 


10 


No. 
speci- 
mens 
1 
25 
1 
4 
5 
1 
1 
1 
1 
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Table 5.—Danian species occurrence registry. 


Taxon 


Acesta webbi 


Total 


Acmea submesidia n. sp. 


Total 


Amauropsis notoleptos n. sp. 


Total 


Antarctodarwinella austerocallosa 
n. sp. 


Total 
Antarctiranella tessela n. gen. n. sp. 

Total 
Australoneilo casei 

Total 


Australoneilo gracilis 


Total 


Bittium (Bittium?) paleonotum n. sp. 


Total 
Bittium (Zebittium) brooksi n. sp. 


Total 
Colus delrioae n. sp. 

Total 
Conotomaria sp. A 

Total 
Conotomaria sp. B 

Total 
Conotomaria sp. C 

Total 


Tholitoma (Cosmasyrinix) antarctigera 


n. sp. 


Total 


Cucullaea ellioti 


Locality No. specimens 


1119 
1134 
1135 
1139 
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Table 5.—Continued. 


Taxon 


Total 


Cylichnania cf. C. impar 


Total 


Euspira antarctidia n. sp. 


Total 
Heteroterma? n. sp. 

Total 
Jupiteria? n. sp. 

Total 
Lahillia huberi 

Total 


Lahillia larseni 
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Locality No. specimens 


746 
1119 
1130 
1131 
1135 
1136 
1161 
1189 
1192 
1430 
1431 
1434 
1435 
1510 
1529 
1531 
1534 
1536 
1537 
1601 


1519 
1538 


1519 
1535 


1538 


1104 


1519 
1538 
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Table 5.—Continued. 


Taxon 


Total 
Ledina? sp. 
Total 


Levifusus woolfei n. sp. 


Total 


Marshallaria variegata n. sp. 


Total 


Marwickia woodburnet 


Total 


Melanella seymourensis n. sp. 
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Locality 


1508 
1519 
1529 
1530 
1531 
1532 
1538 
1537 


1519 


Table 5.—Continued. 


No. specimens 
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Taxon 


Locality No. specimens 


Total 


Mesalia virginiae n. sp. 


Total 


Mitra (Eumitra?) antarctmella n. sp. 


Total 


Nucula (Leionucula) hunickenti 


Total 


Nucula (Leionucula) suboblonga 


Total 


Nucula sp. 
Total 


Nuculana antarctirostrata n. sp. 


Total 


1535 


497 

746 
1104 
1139 
1548 
1591 
1715 
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Table 5.—Continued. 


Taxon 


Locality 


No. specimens 


Ostrea sp. 


Total 


Paleopsephaea? nodoprosta n. sp. 


Total 


Panopea clausa 
Total 


Periploma sp. 


Total 


Pinna freneixae 


Total 


Probuccinum palaiocostatum n. sp. 


Total 


Pseudofax? paucus n. sp. 
Total 

Pyropsis? australis n. sp. 
Total 


Saxolucina antarctipleura n. sp. 


Total 


Serrifusus binodosum n. sp. 


Total 


Seymourosphaera bulloides 


1131 
1483 


746 
1104 
1586 
1701 


1161 


1138 
1519 
1484 
1538 


497 
746 
1132 
1134 
1136 
1139 
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Table 5.—Continued. 


Taxon 


Locality 


No. specimens 


Total 


Seymourosphaera depressa 


Total 


Seymourosphaera elevata 


Total 


Seymourosphera subglobosa 


Total 


Seymourtula antarctica 
Total 

Strepsidura? polaris n. sp. 
Total 


Struthiochenopus hurleyi n. sp. 


1432 
1434 
1506 
1538 
1589 
1601 
1694 
1700 
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Table 5.—Continued. 


Taxon 


Total 


Sycostoma pyrinota 0. sp. 
Total 


Taioma sobrali n. sp. 


Total 


Thyasira austrosulca n. sp. 
Total 


Turritella (Haustator?) parist 


Total 


Vanikoropsis arktowskiana 


Locality 
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Table 5.—Continued. 


No. specimens 


1502 
1503 
1505 
1506 
1507 
1508 
1510 
1519 
1529 
1531 
1532 
1534 
1535 
1536 
1537 
1538 
1548 
1574 
S77, 
1587 
1589 
1601 
1697 
1698 
1699 
1700 


9 


261 
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1134 
1205 
1335 
1414 
1430 
1431 
1432 
1434 
1505 
1506 
1507 
1508 
1510 
1548 
1589 
1596 
1601 
1698 
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Taxon Locality No. specimens 
1700 4 

Total 62 
Zygomelon apheles n. sp. 9 3 
746 5 
1104 1 
1192 1 
1431 1 
1442 I 
1601 l 

Total 13 
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Nucula (letonucula).suboblonga: (Wilckemns,, 1907) oar. ecte = chien aie tee eustubene eedapeme ne clasiieienr eres <li) at atta het tte eaten 16 
1. Right valve, hypotype, USNM 404809, locality SSPE 9, Sobral Formation, <1. 
2. Left valve, hypotype, USNM 404810, locality SSPE 9, Sobral Formation, = 1. 
3. Dorsal view of paired valves, hypotype, USNM 404813, locality SSPE 9, Sobral Formation, *1. 
4. Internal cast, hypotype, USNM 404811, locality SSPE 9, Sobral Formation, * 1. 
8. Right hinge, hypotype. USNM 404812, locality SSPE 9, Sobral Formation, 1. 
. Nucula (Leionucula) hunickeni Zinsmeister and Macellari, 1988) 2. 25. estate aay acscane 5s ae sey ey ele to eto Roan 17 
6. Right valve, holotype, USNM 404814, locality 9, Sobral Formation, * 1. 
7. dorsal view of paired valves, same specimen, 1. 
Ain GUASPECIES) | crise ate das oops, oe dl daa, gels oboe lati csVe, S) gxecieus stevens coum ole | TPadisnle cheNehot MeN cee sing ete ne ee Re 18 
5. SEM of microsculpture, hypotype, USNM 517003, locality 1519, *8. 
9. Left valve, hypotype, USNM 517003, locality 1519, *2.4. 
10. dorsal view of paired valves, same specimen, 2.4. 
WNuculanaiantarctirostrata MEW, SPECIES. a ajay soso ma: oes csi stole crete Gores 6 owe) ie aie Se wi ale oe erect ass sree el eon 17 
11. Left valve, holotype, USNM 517001, locality 1589, Sobral Formation, * 1.8. 
12. View of dorsal margin, same specimen, * 1.8. 
15. Internal of right valve, paratype, USNM 517002, locality 1589, Sobral Formation, 5.5. 
S (NUGHIGESPECIES a fee aVaceue gous tisace ous xe EIS Gila an loueas so sch ays Meher one tue Cee) t,o kee ashe woh area eyed nes eo ee oe 17 
13. SEM of imperfect left valve, hypotype. USNM 517000, locality 1535, *20. 
16. SEM of commarginal riblets, same specimen, *60. 
: Australoneilo, eraciliss@walckenss 1905) Sic 5S spoke ww coe ees eek st elev obisyinrsl owe, 2s. Gee skates spe ou a eins bo onlcMed che er ene 19 
19. Dorsal view, hypotype, USNM 404817, locality SSPE 9, Sobral Formation, *1. 
20. Right valve, same specimen, * 1. 
23. Right valve and partial hinge, hypotype, USNM 517005, locality 1589, x1. 
» Australoneilo: caset'Zinsmeister and) Macellarietl'98 8) cecs,6. 4 ernest es: satel arsitse) eee tenn) eget eens ole 19 


18. Partial hinge, hypotype, USNM 517006, locality 746, Sobral Formation, 2. 

21. View of dorsal margin of paired with partial ligament preserved, hypotype, USNM 517007, locality 746, Sobral 
Formation, * 1. 

22. Dorsal view, holotype, USNM 404818, locality 746, Sobral Formation, * 1. 

24. Left hinge, same specimen, * 1. 


~ 


14. SEM of left valve, hypotype, USNM 517004, locality 1519, <7. 
17. Same specimen, magnified anterodorsal margin showing fine, commarginal growth increments, *~15. 
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Cucullaea ellioti Zinsmeister and Macellari, 1988 
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. Hinge view of left valve, paratype, USNM 404839, locality 9, Sobral Formation, 1. 
. Hinge view of right valve, holotype, USNM 404838, locality 9, Sobral Formation, * 1. 


a 
3. Hinge view of right valve, paratype, USNM 404842, locality 9, Sobral Formation, 1. 
4. Right valve, holotype, USNM 404838, locality 9, Sobral Formation, 1. 

5) 


. Left valve, paratype, USNM 404840, locality 9, Sobral Formation, * 1. 


6. Left valve, paratype, USNM 404841, locality 9, Sobral Formation, * 1. 


. Pinna freneixae Zinsmeister and Macellari, 1988 


7. External view of right valve, hypotype, USNM 517008, locality 746, Sobral Formation, x 1. 
8. Left valve, same specimen, <1. 

9. External view of left valve, hypotype, USNM 517009, locality 746, Sobral Formation, <1. 
10. External view of right valve, same specimen, 1. 


Lahillia larseni (Sharman and Newton, 1897) 


11 


25 


13: 


14 


. Right valve, hypotype. USNM 405803, locality 477, Lopez de Bertodano Formation, 1. 
Left hinge, hypotype, USNM 405801, locality 477, Lopez de Bertodano Formation, * 1. 
Right hinge view, hypotype, USNM 405800, locality 477, Lopez de Bertodano Formation, * 1. 


. Dorsal view of paired valves, hypotype, USNM 405801, locality 477, Lopez de Bertodano Formation, 1. 
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1. Right hinge, Paratype, USNM 405819, locality 746, Sobral Formation, * 1. 
2. Right valve, holotype, USNM 405817, locality 746, Sobral Formation, * 1. 
« Marwickia woodburne: Zinsmeister and Macellany V988) fy fc oe oc ee le o AG eee) wee eee oea ) )s cy eee eee ences nen 24 
3. Left valve, holotype, USNM 405804, locality 9, Sobral Formation, * 1. 
4. Right valve, paratype, USNM 405805, locality 9, Sobral Formation, * 1. 
5. Right valve, paratype, USNM 405834, locality 9, Sobral Formation, * 1. 
6. Dorsal view of paired valves, same specimen, 1. 
« Saxolucinavantarctipleura, NEW: SPECIES) alectsed 5 5 ya tes 2S Ghia ailayic Bose a ict cid le Powe cal us ened si atioyg: avaica, eis) Gulecigies cclenehcacee pene ewe Pats 2] 
7. Left valve, paratype USNM 517012, locality 1131, x2. 
. Right valve and left valve, holotype, USNM 517010, locality 1131, «2. 
10. Dorsal margin showing paired valves, holotype, USNM 517010, *2.5. 
11. Left valve, paratype, USNM 517011, locality 1105, <1. 
12. SEM of left valve, USNM 517022, locality 1131, «9. 
13. Same specimen SEM of commarginal riblets, length = 5.0 mm, *18. 
PHYASIA AUSTFOSUICA, MEWaSPEClES sr ie cir ce ee ndeie ehcicoie, Shas. Flac) etyks es Mes iene ewe aie Sie etie oie Gee rene eee nate eee nee een ne 22 
14. Detail of posterior sulcus, paratype USNM 517015, locality 1519, x~25. 
15. Left valve, paratype USNM 517015, locality 1519, x6 
16. Right valve, holotype, USNM 517013, locality 1519, x3. 
17. SEM of posterodorsal margin, holotype, USNM 517013, locality 1519, x5. 
Periploma? SpeCleSre coe. °aus Satiora, God 4,4 radio et se ae Loe eee aes SR UES eT OE IST Sanne te one eee EC ee 24 


18. Dorsal margin showing articulated valves, hypotype, USNM 517014, locality 1519, 2.7. 

19. Left valve, same specimen, 1. 
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20. Right valve, hypotype, USNM 405813, locality 459, x1. 

21. Right valve, hypotype, USNM 405812, locality 459, x1. 

22. Dorsal view of paired valves, hypotype USNM 405813, locality 459, * 1. 
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1. Abapertural view, USNM 511842, locality 1105, Sobral Formation, <1. 
2. Apertural view, same specimen, * 1. 
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3. Abapertural view, USNM 511843, locality 9, Sobral Formation, < 1.5 
4. Apertural view, same specimen, 1.5. 
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6. Abapertural view, USNM 511844, locality 746, Sobral Formation, * 1. 
7. Apertural view, same specimen, 1. 
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1. Internal apical view, holotype, USNM 511846, locality 1560, Lopez de Bertodano Formation, *2 
2. Internal apical view, paratype, USNM 511847, locality 1560, Lopez de Bertodano Formation, *4-.5. 
3. Lateral view, holotype, USNM 511846, locality 1560, Lopez de Bertodano Formation, *2. 


4. View of holotype in matrix, <1. 
5)) Bittiurm (Bittium2)ipaleonotums Mew iSpeClest -sievseals jae @ were eiebebers els se tee) cil ects ole ene er eas rte Pe cee net see eg ken ee 27 
5. Abapertural view, holotype, USNM 511848, locality 1581, Sobral Formation, <3. 
G=10S Mesaliaiyirginide ne waspeclesy mem ceteu- vetlel here acer es sesh es Sette cs coe ede fete (a) ce ee en noe onsen te =e a eee 29 
6. Apertural view, holotype, USNM 511855, locality 1715, Lopez de Bertodano Formation, <1, 
7. Abapertural view, holotype, USNM 511855, locality 1715, Lopez de Bertodano Formation, * 2. 
8. Apertural view, paratype, USNM 511911, locality 1104, Sobral Formation, <2. 
9. Abapertual view, paratype, USNM 511912, locality 1591, Lopez de Bertodano Formation, * 1. 
10. Block of specimens, paratype, USNM 511913, locality 1548, Sobral Formation, <1. 
WW=US: Birtinm (Zebittium)\brookst, Mew SPECleS™ mae yateyencuiets wie = wi eo Sie) sede s delve hatcemtadetteteal sects dete negesrte ee beeal fede eas otis et ge ee 27 
11. Apertural view, paratype, USNM 511851, SEM, 15. 
12. Paratype, USNM 511910, length of block 68 mm, X0.8. 
13. SEM of microsculpture, holotype, USNM 511849, locality 1535, Lopez de Bertodano Formation, * 15. 
14. Apertural view, holotype, USNM 511849, locality 1535, Lopez de Bertodano Formation, SEM, <8, 
15. Partial aperture and sectioned, paratype, USNM 511852, locality 1535, Lopez de Bertodano Formation, SEM, * 10. 
lijeeturnitella (Haustator2) parish Mew sSPCCieSirck: i. srore hadnt <dietie casi Nevers chat sicettelouts terse soit lerfovie epeed sen eet ells ten 29 
17. Apertural view, holotype, USNM 511854, locality 1716, Lopez de Bertodano Formation, *3.5. 
'8=20)) Struthiochenopus hurleyimew. SpeCieSr. «tats ss ect steers hen eke need = leneints (ie aston y si thet eaten tee ee 30 


18. Apertural view, holotype, USNM 405857, locality 783, *1. 
19. Apical view, same specimen, *1. 
20. Abapertural view, same specimen, * 1. 
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1-6. Struthiochenopus hurleyi, new species 


30 
1, 3,4. Apertural, apical, and abapertural views, respectively, paratype, PU783/2, locality 783, Lopez de Bertodano Formation, 
x1. 


2, 5, 6. Apical, adapertural, and apertural views, respectively, paratype, USNM 405858, locality 783, Lopez de Bertodano 
Formation, * 1. 


5. Antarctodarwinella austerocallosa, new species 


31 
7, 8, 9. Lateral, abapertural, and apertural views, respectively, holotype, USNM 511856, locality 1434, Sobral Formation 
x1. 


10. External mold in concretion, paratype, USNM 511914, locality 497, Sobral Formation, x1. 
11, 12 


. Abapertural and apertural views, respectively, paratype, USNM 511858, locality 1434, Sobral Formation, <1. 
13, 14, 15. Lateral view, apertural and abapertural views, respectively, paratype, USNM 511857, locality 1434, Sobral Formation, 
x1. 


GUO MVanikoropsistarktows kianaa (WalGKENS L910) eeu poreeiereieta Reet n he) «cosas cieceiis custapeuens istebesuaie tinue SMedepeene we ea ede. cc 33 
16, 17. Abapertural and apertural views, respectively, hypotype, USNM 511860, locality 9, Sobral Formation, <1. 
18, 19. Abapertural and apertural views, respectively, hypotype, USNM 511861, locality 9, Sobral Formation, <1. 

20-22. 
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3 
20, 21. SEM of abapertural and apertural views, respectively, paratype, USNM 511863, locality 1519, Lopez de Bertodano 
Formation, 7.5. 


22. Apertural view, holotype, USNM 511862, locality 1531, L6pez de Bertodano Formation, 6.5. 
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15-20. 


1. SEM of apertural view, holotype, USNM 511868, locality 1535, Lopez de Bertodano Formation, *9. 

2. SEM of apertural view, paratype, USNM 511869, locality 1519, Lopez de Bertodano Formation, *9.5. 

3. SEM of apertural view, paratype, USNM 511870, locality 1519, Lopez de Bertodano Formation, * 13. 

4. SEM of spiral microsculpture and suture, paratype, USNM 511869, locality 1519, Lopez de Bertodano Formation, x ~45. 


: Antarctiranella.tessela, new Sens NEW SPECIES.) wie. «6 sce. ss, Gi) Saree sacs Ge eres ee cus eve weds, teal eiree) enter anes ene eee 


5, 6. Abapertural and apertural views, respectively, holotype, USNM 511867, locality 1431, Sobral Formation, <1. 


USD GANtGIClAdlay DEWUSPECIES, nsret a cten one Oa Rewer heel) ohels aietiensiionet Chae) ew Sasi cr oe. er NORuSeSRon Sey nen ow nomen 
7. SEM of oblique apical view, paratype, USNM 511866, locality 1535, Lopez de Bertodano Formation, * 10. 
8, 10. SEM of abapertural and apertural views, respectively, paratype, USNM 511865, locality 1519, Lopez de Bertodano 
Formation, * 4 and * 10, respectively. 
9. Abapertural view, holotype, USNM 511864, locality 1519, Lopez de Bertodano Formation, *2.5. 


Pyropsis? australis: MEW SPECIES, & ave yes cau) 2d -syeycicvta tes feyeuve syst -aedigs ah cieatlet etary foe Gubstvalis Pe ueueyye Se ovis cs ch ays! eivel-enten sya et ce steal =u eitsy ew ee Mone 
9, 10. Apertural and abapertural views, respectively, holotype, USNM 511872, locality 1104, Sobral Formation, <1. 


Hleteroterma lr new SPeCleS: ai. 0a! es 4cue es es ee street SOR erro eee ee eegs Susie th, sigsWeueasl she) Quac, wios eeabeNe: segs hel ¢ ever siteeeeale nse eeeeae 
13. Adapertural view, USNM 511871, locality 1104, Sobral Formation, *2. 


14. Adapertural view, same specimen, slightly different view, <2. 


Colubsdelriode, MEW SPeCles. seats we, Ss eco cene 1b eke oa eeu pales eh cess nie a, eh shes CeMen eg euse ees lo) cael cue eke tutus ke Speen et ee eee meen 
15, 16. Abapertural and apertural views, paratype, USNM 511874, locality 1431, Sobral Formation, * 1. 

17, 18. Apertural and abapertural views, respectively, paratype, USNM 511873, locality 1535, Sobral Formation, *1. 

19, 20. Abapertural and apertural views, respectively, holotype, UBA 16816, locality uncertain, Sobral Formation, x 1. 


Page 


36 


37 


37 


38 


BULLETINS OF AMERICAN PALEONTOLOGY, BULLETIN 367 PLATE 7 


BULLETINS OF AMERICAN PALEONTOLOGY, BULLETIN 367 


PLATE 8 


Figure 


10-13; 


14-19, 21, 


16, 


20. 


te 
te 


. Seymourosphaera bulloides Oleinik and Zinsmeister, 1996 


. Seymourosphaera depressa Oleinik and Zinsmeister, 1996 


. Seymourosphaera elevata Oleinik and Zinsmeister, 1996 


. Pseudofax? paucus, new species 


. Strepsidura? polaris, new species 
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1, 2. Apertural and abapertural views, respectively, holotype, USNM 487298, locality 1432, Sobral Formation, x 1. 

3, 4. Apertural and abapertural views, respectively, paratype, USNM 487294, locality 1433, Sobral Formation, *0.8. 
5. Abapertural view, paratype, USNM 487289, locality 9, Sobral Formation, 1. 

6, 7. Apertural and abapertural views, respectively, paratype. USNM 487300, locality 9, Sobral Formation, * 1.5. 


8, 9. Apertural and abapertural views, respectively, holotype, USNM 487290, locality 1434, Sobral Formation, * 1. 


Seymourosphaera subslobosai@leinik and:Zinsmeister, 1996) 5... 2 2 <es eee eh= | wee cece ee sete ee oles eee eens 
10, 11. Apertural and abapertural views, respectively, holotype, USNM 487292, locality 1136, Sobral Formation, «0.8. 
12. Abapertural view, paratype, USNM 487293, locality 1133, Sobral Formation, *0.6. 
13. Apertural view, paratype, USNM 487295, locality 1133, «0.8. 
20. Abapertural view, paratype, USNM 487297, locality 1430, Sobral Formation, *0.8. 


14, 15. Apertural and abapertural views, respectively, holotype, USNM 487288, locality 1135, Sobral Formation, * 1. 


. Apertural and abapertural views, respectively, paratype, USNM 487291, locality 1188, Lopez de Bertodano Formation, 


«0.8. 
18, 19. Abapertural and apertural views, respectively, paratype, USNM 487291, locality 1430, Sobral Formation, <0.6. 
21, 22. Abapertural and apertural views, respectively, paratype, USNM 487287, locality 1430, Sobral Formation, <0.6. 
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23, 24. Abapertural and apertural views, respectively, holotype, USNM 511887, locality 9, Sobral Formation, <2.3. 


25, 26. Abapertural and apertural views, respectively, holotype, USNM 511875, locality 1589, Sobral Formation, 3.5 
and 3, respectively. 


27, 28. Apertural and abapertural views, respectively, holotype, USNM 511888, locality 9, Lopez de Bertodano Forma- 
tion, 2.5 and 2.7, respectively. 
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1, 2. Abapertural and apertural views, respectively, holotype, USNM 511882, locality 746, Sobral Formation, * 1. 
3. Apical view, paratype, USNM 511883, locality 746, Sobral Formation, <1. 
4,5. Abapertural and apertural views, respectively, paratype, USNM 511885, locality 746, Sobral Formation, x 1. 
8, 9. Abapertural view, illustrating repaired break made by probable lip peeler (decapod?), and apertural view, respec- 
tively, paratype, USNM 511884, locality 746, Sobral Formation, * 1. 
10. Apertural view, paratype, USNM 511886, locality 746, Sobral Formation, * 1. 
63-75 lil =l6nPaleopsephaea? nodoprosta, Mew SPECIES Viney us 92 ae) a eden yc te eke ea = = sane cle, os Mae © ah onsen enn 45 
6, 7. Abapertural and apertural views, respectively, paratype USNM 511891, locality 746, Sobral Formation, * 1. 
11, 12. Abapertural and apertural views, respectively, holotype, USNM 511889, locality 746, Sobral Formation, * 1. 
13, 14. Abapertural and apertural views, respectively, paratype, USNM 511890, locality 746, Sobral Formation, * 1. 
15, 16. Abapertural and apertural views, respectively, paratype, USNM 511892, locality 746, Sobral Formation, * 1. 


17-22... Taioma:sobrali, NEW SPECIES: as.25. case is Seles © louie, uysins, nih @ alte Geae aga a galley (ota a eaves ancy evslics eiyejctiatss, coy eiidtray cet ose ciemen a te eee 46 
17, 18. Apertural and abapertural views, respectively, paratype, USNM 511894, locality 1104, Sobral Formation, * 1. 
19, 20. Abapertural and apertural views, respectively, paratype, USNM 511895, locality 1105, Sobral Formation, * 1. 
21, 22. Abapertural and apertural views, respectively, holotype, USNM 511893, locality 1431, Sobral Formation, <2. 

23-29: Hevifususwoolfei, MEW SPECIES » j5.-s cys cs0is Ze og niga Sass pdr ease weve Sd, Eye's a ni Rimes wets Qsl eo fetieuie oo viay 2) specs: meats) See eae eee 40 


23, 25. Apertural and adapertural respectively, paratype, USNM 511877, locality 9, Sobral Formation, «0.9. 
24, 26, 27. Apical, abapertural and apertural views, respectively, holotype, USNM 511876, locality 9, Sobral Formation, 
x0.9. 
28, 29. Abapertural and apertural views, respectively, paratype, USNM 511878, locality 9, Sobral Formation, <0.8. 
P P P y, paratyp 


BULLETINS OF AMERICAN PALEONTOLOGY, BULLETIN 367 PLATE 9 


BULLETINS OF AMERICAN PALEONTOLOGY, BULLETIN 367 PLATE 10 


to 
ies) 


EARLY PALEOCENE MOLLUSKS OF ANTARCTICA: STILWELL et al. 83 


EXPLANATION OF PLATE 10 


Page 
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1, 2. Abapertural and apertural views, respectively, holotype, USNM 511879, locality 746, Sobral Formation, * 1. 
3. Abapertural view, paratype, USNM 511880, locality 746, Sobral Formation, <1. 
WAV POMC ONBAD eles mUCWASDECICS Eerie marrteMsieter- Fors scuste is) Ta atobets, sega asic th MCR er eed meee bie matiy F Gres 2, Bee mate pe eceesnane de 47 
4. Apertural view, paratype, USNM 511898, locality 9, Sobral Formation, * 1. 
5, 6. Abapertural and apertural views, respectively, holotype, USNM 511896, locality 9, Sobral Formation, * 1. 
7, 8. Abapertural and apertural views, respectively, paratype, USNM 511897, locality 9, Sobral Formation, = 1. 
9, 10. Apertural and abapertural views, respectively, paratype, USNM 511899, locality 1431, Sobral Formation, <2. 
4 Whines CERT) Chea NING GoLsss, gale cere oe o aio mpm ae cee oe ore cin mine nia cia G cnltio oiaibicio miaio eid minions akaio or 47 
11, 12. Apertural and abapertural views, respectively, paratype. USNM 511902, locality 1635, Sobral Formation, 2. 
13, 14. Abapertural and apertural views, respectively, holotype, USNM 511901, locality 1108, Sobral Formation, x 1 
» (COna i ABE CUT Te) ChaCiaikqa, TOYO Shan soe ooeoer Deed op aes Soa eb cH Ubon Ueno Oban OSes oo 50 
15. Adapertural view, holotype, USNM 511907, locality 1519, Lopez de Bertodano Formation, * 15. 
22. Abapertural view, paratype, USNM 511908, locality 1535, Lopez de Bertodano Formation, *6.5. 
a VMarsnallaniasvarie gata; yew *SPeCies? tte ce ete etace a ie 6 bas eave aee 8 is eee ete oebe ath Geet ts aha tee Eqn ene neta tie dudee foe eoers 49 
17-18. Abapertural and apertural views, respectively, paratype, USNM 511905, locality 746, Sobral Formation, 1. 
19-20. Abapertural and apertural views, respectively, holotype, USNM 511904, locality 746, Sobral Formation, 1. 
21, 22. Apertural and abapertural views, respectively, paratype, USNM 511906, locality 746, Sobral Formation, 1. 
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23. Abapertural view, SEM photo, USNM 511915, locality 1519, L6pez de Bertodano Formation, x2. 
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ABSTRACT 


Echinoderm faunas are described from 18 stratigraphic horizons of Viséan into Moscovian age from the Béchar Basin of 
northwestern Algeria. Two of these faunas are the first Bashkirian camerate-dominated faunas recognized when Pennsylvanian 
crinoid faunas worldwide are dominated by advanced cladids. 

Additional results of this study include: 1. Emendation of the Actinocrinitidae, Sunwaptacrinidae, and Amphoracrinidae. 2. 
Upward extension of the ranges of Ectocrinus, Aacocrinus, Sampsonocrinus, and Eucladocrinus into the Bashkirian. 3. Downward 
extension of the ranges of Hydriocrinus, Dicromyocrinus, and Mooreocrinus into the Late Mississipppian (Serpukhovian). 4. 
First recognition of a partial cladid crown with three entoneural canals in the brachials. 5. First description and report of several 
genera from the northern border of Gondwana. 6. Discussion of biogeographic links between European/North American Early 
Carboniferous, as well as Japanese Morrowan and Atokan faunas, with the Tethyan Permian faunas. 

New taxa proposed are the new family Ampullacrinidae; two new genera, Hebohenocrinus and Ampullacrinus; and 28 new 
species: Ectocrinus mezereltensis, Ectocrinus redactus, Actinocrinites becharensis, Actinocrinites combinatus, Aacocrinus alger- 
iaensis, Sampsonocrinus cheguigaensis, Blairocrinus grafensis, Pimlicocrinus octobrachiatus, Platycrinites reouienensis, Platy- 
crinites aouidjaensis, Platycrinites djihaniensis, Platycrinites hamarensis, Pleurocrinus glomerosus, Pleurocrinus folliculus, Eu- 
cladocrinus? asymmetricus, Balearocrinus pareyni, Hebohenocrinus quasipatellus, Hydriocrinus? confusus, Ampullacrinus mar- 
ieae, Ampullacrinus tritubulus, Dicromyocrinus vastus, Dicromyocrinus catillus, Dicromyocrinus? invaginatus, Mooreocrinus 


glomerosus, Ureocrinus commus, Paianocrinus? carinatus, Amphicrinus formosus, and Amphicrinus prinsi. 


INTRODUCTION 


This study is based on 363 undescribed echinoderm 
specimens from three echinoderm collections from the 
Béchar Basin of northwestern Algeria made indepen- 
dently between 1952 and 1973. The largest and most 
diverse collection, approximately two-thirds of the 
specimens, was made by C. Pareyn (retired, formerly 
with the Université de Caen) during field studies be- 
tween 1952 through 1954. This collection contains 
representatives from 16 of the 18 stratigraphic inter- 
vals from which echinoderms are herein reported (Ap- 
pendix). The second collection is that made between 
1964 and 1966 by M. Legrand-Blain, Université de 
Bordeaux III, and contains specimens that are mostly 
from the Bashkirian, especially from the upper and 
lower parts of the Hassi Kerma Formation. The third 
collection was made in 1973 by C. Winkler Prins, Na- 
tionaal Natuurhistorisch Museum, Leiden, and con- 
tains the only specimens from the Moscovian Oued 


* Present address: Desert Research Institute, 2215 Raggio Parkway, 
Reno, NV 89512 

** Present address: Department of Geology, Appalachian State Uni- 

versity, 195 Rankin Science, 572 Rivers Street, Boone, NC 28608 


Bel Groun Formation. Some specimens from all three 
collections were collected at the same localities, others 
were found in the same stratigraphic unit at different 
localities within a few kilometers proximity, and some 
specimens are exclusive. The collectors are identified 
for each of the taxa described under the Material sec- 
tions in the systematics. 

Pareyn (1961) provided lists, but no descriptions or 
illustrations, of Viséan to Bashkirian crinoids through- 
out the first volume of his descriptions of the Carbon- 
iferous massifs of northwestern Algeria and a strati- 
graphic list and brief analysis of some of the taxa iden- 
tified by J. Wright and G. Ubaghs in the second vol- 
ume. Breimer and Macurda (1972), as modified by 
Macurda (1983), described blastoids from the Viséan 
and Namurian of Algeria. Strimple and Pareyn (1982) 
described Namurian cibolocrinids from Algeria. Iden- 
tified specimens in Pareyn (1961), Breimer and Ma- 
curda (1972), and Strimple and Pareyn (1982) are all 
from the Pareyn collections and except for the blas- 
toids described by Breimer and Macurda (1972) are a 
part of the material studied herein. The Legrand-Blain 
and Winkler Prins collections have not been listed pre- 
viously. 
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Earlier descriptions and comparisons of Algerian 
echinoderms are few. Pomel (1885—1887) reported the 
first fossil echinoderms from Algeria, when he de- 
scribed some Cenozoic comatulids and ophiuroids 
from part of northern Africa which would later become 
Algeria. Carboniferous crinoid crowns, cups, and col- 
umnals were first reported from the Algerian part of 
Morocco by Termier and Termier (1950). Their de- 
scriptions or comparisons are minimal and illustrations 
are line sketches, which are mostly of insufficient qual- 
ity for comparative studies. Many of the columnals are 
assigned generic identifications that are without com- 
parative morphologic basis. Webster ef al. (2001) not- 
ed a few mutual faunal occurrences between Iranian 
and North African Carboniferous faunas of Morocco 
and Algeria. 

The Béchar Basin region (Text-fig. 1) was mapped 
by Deleau (1951) and later by Pareyn (1961). Missis- 
sippian and Pennsylvanian strata (Text-fig. 2) of the 
Béchar region are dominated by shallow-marine lime- 
stones, marls and claystones, with minor sandstones 
and siltstones (Pareyn, 1961; Legrand-Blain, 1967; Le- 
mosquet and Pareyn in Weyant, 1985). Claystones and 
marls dominate the Tournaisian and Viséan parts of 
the section, including reefal limestones in the late Vi- 
séan and basal Serpukhovian. Marls and carbonates, 
interrupted and eroded by several fluvial channel sys- 
tems which are filled by plant-bearing sandstone, in- 
crease upward and dominate the Serpukhovian into 
Moscovian part of the section. A few small reefs in a 
platform setting are also present (Lemosquet and Par- 
eyn in Weyant, 1985). The stratigraphic terminology 
of Lemosquet and Pareyn in Weyant (1985) is fol- 
lowed herein for the Béchar Basin. Reference to earlier 
reports from North America and Europe cite the strati- 
graphic terms as used therein. 

Pareyn (1961) reported several small reefs in the 
carbonates, especially in the lower part of the section, 
some with associated crinoids and other invertebrates. 
Among other invertebrates and floras, the stratigraphic 
section of the Béchar region has yielded numerous 
cephalopods, brachiopods, foraminifers, and cono- 
donts, as summarized on individual range charts by 
several authors in Weyant (1985). The stratigraphic 
section is well dated on the basis of the diverse fauna, 
especially the ammonoids (Lemosquet and Manger in 
Weyant, 1985) and conodonts (Weyant in Weyant, 
1985). Faunas reflect a moderate to shallow depth in 
a platform environment. 

The purpose of this report is to provide a description 
of the Viséan to Moscovian crinoids, blastoids, and 
echinoids from the Béchar Basin area of western Al- 
geria, relate them to correlative faunas worldwide, and 
establish a preliminary crinoidal — biostratigraphic 


framework in the Béchar Basin to complement those 
completed for other phyla by various authors in Wey- 
ant (1985). Interested readers are referred to the nu- 
merous excellent air photos, cross-sections of local 
stratigraphic sections, photographs of exposures, and 
geologic maps of the Béchar Basin and adjacent area 
given in Pareyn (1961) and updated information, es- 
pecially on the associated faunas in Weyant (1985). 
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FAUNAL SIGNIFICANCE AND COMPARISONS 


Echinoderms are recognized from 18 stratigraphic 
horizons, members, or formations of Viséan into Mos- 
covian age in the Béchar Basin (Text-fig. 2). Collec- 
tions from each of these horizons are referred to herein 
as a fauna. In some collections all specimens came 
from a single bed or surface, whereas others came 
from more than one bed or stratigraphic layer within 
a narrow stratigraphic interval. Locality information 
cited for each species is given as stated on original 
field or collection labels with the specimens from each 
of the three collections. 

Most specimens are free of matrix, which precludes 
some interpretations of depositional and environmental 
relationships. The few crowns and partial crowns in 
the collections may reflect localized conditions of low 
current activity, rapid burial, or lack of scavenging pri- 
or to burial. Most specimens show varying degrees of 
wind abrasion and minor surface solution, reflecting 
the weathering conditions of the desert environs. Most 
specimens are unbroken cups and thecae, some of 
which are slightly distorted or crushed from compac- 
tion. The condition of all of these specimens is con- 
sidered the result of taphonomic loss of arms and stem 
prior to burial and suggests some specimens may have 
been transported short distances or were exposed to 
currents and scavengers for short periods of time prior 
to burial. A few specimens have encrusting organisms 
on them, clearly reflecting exposure for some time pri- 
or to final burial. The lack of sets of arms, holdfasts, 
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Text-figure 1.—Map of the Béchar Basin showing named topographic features of echinoderm collecting localities (modified after Lemosquet 
and Pareyn in Weyant, 1985). 
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and abundant pluricolumnals in the collections might 
provide additional support for minor distances of 
transport or sorting with transport unless their absence 
reflects collection bias, which is a real possibility for 
columnals which are often considered to have little 
paleontological utility. 

The extent of collection bias is uncertain. It is con- 
sidered a strong factor concerning the lack of colum- 
nals, however, because it is uncommon to find cups 
and thecae without associated columnals or pluricol- 
umnals. Until the Algerian area is more accessible for 
recollection and study, questions concerning collection 
bias with sedimentary and environmental relationships 
remain unanswered. 

Each of the 18 faunas listed (See Appendix, p. 70) 
is followed by comments on the diversity, dominance, 
and comparisons to equivalent faunas. It should be 
noted that none of these faunas compares with the 
large diversity of some time-equivalent faunas from 
Scotland (Wright, 1950-1960) and the United States 
(Bassler and Moodey, 1943). Stratigraphic information 
is insufficient to determine the exact horizon from 
which a few of the specimens were collected. These 
specimens are indicated by an asterisk (*) and are in- 
cluded in all of the faunas in which they might have 
been found. Columnal taxa are preceded by the symbol 
@. Numbers in brackets following each taxon are the 
number of specimens. The faunas are discussed in or- 
der of oldest to youngest (Text-fig. 2). 


Akacha Formation (Viséan) 


Koryschisma saharae (Breimer and Macurda, 1972) [1] 
Ectocrinus rouchi (Delpey, 1941) n. comb. [11] 
Barycrinidae? indeterminate [5] 

Balearocrinus pareyni n. sp. [1] 

Cromyocrinid? indeterminate [1] 

Cladid indeterminate 3 [1] 

Sagenocrinid indeterminate 2 [1] 


The fauna of the Akacha Formation is moderately 
diverse for its small size. It is dominated taxonomi- 
cally by cladids (four species); however the most 
abundant taxon recovered is the camerate Ectocrinus 
rouchi n. comb. (11 specimens). Unfortunately, pres- 
ervation of four specimens precludes generic identifi- 
cation; however, three of the four can be assigned to 
a family or order. Although specimens of Koryschisma 


Text-figure 2.—Stratigraphic column of the crinoid-bearing parts 
of the Mississippian and Pennsylvanian strata of the Béchar Basin 
area. Standard lithologic symbols used for limestone, sandstone and 
shales. Section modified after Pareyn (1961) and Lemosquet and 
Pareyn in Weyant (1985). For member subdivisions of the Zousfana 
through Oued el Hamar formations see appendix. 
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saharae were not included in specimens studied, one 
specimen from the Akacha Formation was reported by 
Breimer and Macurda (1972) from the Pareyn collec- 
tion. This is the oldest occurrence of K. saharae, also 
known from the Ain Mezerelt and Ain el Mizab mem- 
bers, ranging from the late Viséan into the early Ser- 
pukhovian. The genus is also known from the Kin- 
derhookian (Tn2) of Montana in the western part of 
the United States (Sprinkle, 1973), from whence K. 
saharae was apparently derived. 

Ectocrinus rouchi and Balearocrinus pareyni n. sp. 
are related to equivalent-age species in England and 
Spain, respectively. Barycrinids have been reported 
from the Devonian (Emsian) of Spain, the Mississip- 
pian (Osagean and Meramecian) of North America 
(Moore and Teichert, 1978), and the Tournaisian of 
England (Wright, 1942). Pentameric columnals as- 
signed to Barycrinus sp. were reported from the Chad- 
ian of England by Donovan and Veltcamp (1990). 

Cromyocrinids are most abundant in the Pennsyl- 
vanian, but Viséan taxa have been reported from the 
Mississippian of Russia, Spain, England (Moore and 
Teichert, 1978), and the United States (Kammer and 
Ausich, 1993). Sagenocrinids are known from Missis- 
sippian faunas of Europe and North America but usu- 
ally in small numbers. Thus, the Akacha fauna has 
affinity with North American and European faunas, 
more with the latter. It differs from most middle Vi- 
séan faunas by the small number of camerate taxa but 
reflects the increasing dominance of the cladids over 
the camerates throughout the Mississippian. 


Zousfana Formation 
Ain Guettara Member (Late Viséan) 
Actinocrinitid indet. 2 [1] 


The single specimen of an actinocrinitid in the Ain 
Guettara Member may reflect an isolated preservation. 
The specimen is probably from the top of the Ain 
Guettara Member from the limestone overlying the 
sandstones. Actinocrinitids were at their acme during 
the late Tournaisian and Viséan. 


El] Guelmouna Formation 
Ain Mezerelt Member (Serpukhovian) 


Koryschisma saharae (Breimer and Macurda, 1972) [3] 
Rhodocrinites sp. [1] 

Ectocrinus mezereltensis n. sp. [9] 

Ectocrinus redactus n. sp. [1] 

Actinocrinites becharensis n. sp. [1] 

Actinocrinites combinatus n. sp. [1] 

Platycrinites reouienensis n. sp. [2] 

Synbathocrinus sp. [1] 

Zeacrinitid? indeterminate 2 [1] 


Pareyn (1961) recognized a vast meadow of crinoids 


dominated by camerates in the Ain Mezerelt Member 
in exposures in the E] Guelmouna Basin. He reported 
(p. 72) five species of camerates, differing from our 
identifications. We assume that the taxa listed, but not 
illustrated, by Pareyn are included within the species 
we have identified from his collections based on the 
stratigraphic information. In addition, Pareyn (p. 89) 
listed six taxa from the El Guelmouna Formation at 
the cliffs of Ain Tagnana. Stratigraphic information 
with two of the specimens Pareyn listed as Synbath- 
ocrinus nov. sp. and Zeacrinites nov. sp., here identi- 
fied as Synbathocrinus sp. and Zeacrinitid? indeter- 
minate, indicates they are from the Ain Mezerelt Mem- 
ber, where we have included them. 

The Ain Mezerelt Member fauna has a strongly cos- 
mopolitan composition. It contains four equatorial-belt 
cosmopolitan genera, which are considered by us to 
have had wide ecologic tolerance limits. Actinocrini- 
tes, Platycrinites, Rhodocrinites, and Synbathocrinus 
were cosmopolitan in the equatorial belt during the 
Tournaisian and Viséan. Camerates dominate the fauna 
of the Ain Mezerelt Member. Rhodocrinites sp. prob- 
ably was derived from Western Saharan Devonian or 
Moroccan Viséan species and is related to Scottish, 
Russian, Chinese, and United States Tournaisian and 
Viséan species. The two species of Ectocrinus are de- 
rived from E. rouchi and closely related to English and 
Irish species. The species of Actinocrinites and Pla- 
tycrinites are related closely to English, Scottish, and 
North American species. Although zeacrinitids are 
known from the Viséan of England and Scotland 
(Bather, 1916), most are known from the United States 
where they reached their diversity acme during the 
Pennsylvanian. 


El Guelmouna Member (Early Serpukhovian) 


Pleurocrinus glomerosus n. sp. [8] 
Cosmetocrinus? sp. [2] 
Dicromyocrinus vastus n. sp. [19] 


Ureocrinus commus n. sp. [1] 


The El Guelmouna Member fauna is dominated by 
cladids. This may be a reflection of a high clay content 
in the living environment as the El] Guelmouna Mem- 
ber consists of claystones in the lower half and dolo- 
mite in the upper half. Pareyn (1961, p. 89) listed two 
cladids, Phanocrinus nov. sp. and Aphelecrinus or Fi- 
feocrinus sp., from the El Guelmouna Member. We 
identify these specimens as Cosmetocrinus? sp. and 
Ureocrinus commus n. sp., respectively. Pareyn (1961, 
p. 89) also listed two flexible crinoids for the El Guel- 
mouna Member; however no flexibles were in his col- 
lections for our study from the El Guelmouna Member. 
The El Guelmouna Member contains the oldest known 
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occurrence of Dicromyocrinus, extending the range 
downward from the Morrowan into the Serpukhovian. 


Ain El Mizab Formation 
El Harrada Member (Early Serpukhovian) 


Ectocrinus sp. [1] 
Mooreocrinus glomerosus n. sp. [2] 
Zeacrinitid indeterminate | [2] 

With two cladids and one camerate, the El Harrada 
Member fauna is similar at the subclass level to the El 
Guelmouna Member fauna and is another low-diver- 
sity fauna. The El Harrada Member is oolitic in the 
middle and yields crinoid remains in the thinner bed- 
ded lower and upper parts (Pareyn, 1961). Pareyn 
(1961, p. 89) listed Amphoracrinus nov. sp. from the 
E] Harrada Member from the cliffs of Ain Tagnana. 
We identify the specimen as Ectocrinus sp. The El 
Harrada Member contains the oldest recognized oc- 
currence of Mooreocrinus, extending the range down- 
ward from the Morrowan into the Serpukhovian. 


Ain El Mizab Member (Middle Serpukhovian) 


Ampullacrinus tritubulus n. gen., n. sp. [1] 
Palaechinus sp. [1] 


The echinoderm fauna of the Ain el Mizab Member 
is small. Ampullacrinus tritubulus also occurs in the 
upper part of the Djenien Formation. This is the lowest 
occurrence of Ampullacrinus. 


Mouizeb El Atchane Member (Middle Serpukhovian) 


Koryschisma saharae (Breimer and Macurda, 1972) [3] 
Megaliocrinus? sp. [1] 

Platycrinites aouidjaensis n. sp. [2] 

Seytalocrinus sp. [2] 

Dicromyocrinus vastus n. sp. [1] 

Mooreocrinus glomerosus n. sp. [2] 

Ampullacrinus marieae n. gen., n. sp. [4] 


The Mouizeb el Atchane Member fauna is a mixed 
fauna of moderate diversity. Cladids taxonomically 
outnumber the camerates four to two. It contains the 
youngest occurrence of Koryschisma saharae. Mega- 
liocrinus is known from this fauna and from some 
Spanish middle late Namurian faunas (reported as /b- 
erocrinus by Sieverts-Doreck, 1951, and referred to 
Megaliocrinus by Strimple, 1976). The greater abun- 
dance of cladids again reflects their increasing diver- 
sity in the late Mississippian and a high clay content 
in the sediments. Pareyn (1961) reported crinoids oc- 
curring in the uppermost thicker bed of the Mouizeb 
el Atchane Member. Specifically, he (p. 76) reported 
three crinoid taxa. The camerate, listed as Amphora- 
crinus nov. sp. A, we identify as Megaliocrinus? sp. 
The cladids, listed as Phanerocrinus [sic] nov. sp. and 
Cf. Fifeocrinus tielensis, we identify respectively as 


Scytalocrinus sp. and Ampullacrinus marieae n. gen. 
n. sp. 


Djenien Formation 
Hid El Kef Member (Late Serpukhovian) 
*Platycrinites aouidjaensis n. sp. [1] 


The faunas of the Hid el Kef Member, boundary 
beds of the Hid el Kef and Djenien members, and the 
undesignated part of the Djenien Member are perhaps 
isolated occurrences. Pareyn (1961) reported crinoids 
from the green shales of the Hid el Kef Member. The 
importance of these faunas is the occurrence of Hy- 
driocrinus? confusus n. sp. in the boundary beds of 
the Hid El Kef and Djenien members and Paianocri- 
nus?) carinatus n. sp. in the Djenien Member (undes- 
ignated). Although the generic assignments are ques- 
tioned, as explained in the systematics, these forms 
represent taxa not recognized in any of the other Al- 
gerian faunas. They provide significant paleobiogeo- 
graphic information and provide new evolutionary lin- 
eage links. 


Boundary Beds of Hid El Kef and Djenien Members 
(Late Serpukhovian) 


Hydriocrinus? confusus n. sp. [1] 
See comments under Hid el Kef Member above. 


Djenien Member (Undesignated) (Late Serpukhovian) 


*Paianocrinus? carinatus n. sp. [1] 
See comments under Hid el Kef Member above. 


Upper Part of Djenien Member (Late Serpukhovian) 
Actinocrinitid? indet. 5 [1] 

Platycrinites djihaniensis n. sp. [2] 

Platycrinites cf. P. djihaniensis n. sp. [4] 

Platycrinites sp. 2 [3] 

Ampullacrinus tritubulus n. gen., n. sp. [2] 

*Paianocrinus? carinatus n. sp [1] 

Cibolocrinus africanus Strimple and Pareyn, 1982 [3] 
Amphicrinus formosus n. sp. [2] 


Pareyn (1961) reported crinoids occurring in thin 
dark detrital beds that are interbedded with massive 
white limestones. At the generic level, the fauna from 
the upper part of the Djenien Member contains two 
camerates, one cladid, and two flexibles. This is an 
unusual faunal assemblage in the late Serpukhovian, 
as most faunas of this age are dominated by cladids 
with minor numbers of camerates, and even fewer 
flexibles (Bassler and Moodey, 1943; Webster, unpub- 
lished compilations). Most late Serpukhovian diverse 
echinoderm faunas are known from North America 
such as the Glen Dean Formation (Bassler and Mood- 
ey, 1943), Pitkin Formation (Strimple, 1951a, 1978), 
Bangor Limestone and Monteagle Formation (Burdick 
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and Strimple, 1983), and Sloans Valley Member of the 
Pennington Formation (Chestnut and Ettensohn, 
1988), among others. The few late Serpukhovian cri- 
noids reported from Russia and Europe are often sin- 
gle-taxon occurrences. Cromyocrinids are rare in 
North American faunas of late Serpukhovian age, 
whereas scytalocrinid genera generally dominate the 
cladid-dominated faunas. This upper part of the Djen- 
ien fauna is more like Meramecian faunas of North 
America, which have higher camerate diversity with 
cladids and rare, but fairly ubiquitous, flexibles. 


Tagnana Formation 
(Late Serpukhovian—Early Bashkirian) 


Hebohenocrinus quasipatellus n. gen., n. sp. [1] 
Dicromyocrinus vastus n. sp. [2] 


One dendrocrinid and one cladid are insufficient to 
evaluate the Tagnana fauna with more than broad gen- 
eralizations. Hebohenocrinus quasipatellus n. gen., n. 
sp. 1s an endemic taxon questionably assigned to the 
Mastigocrinidae. The continuation of the cromyocrin- 
ids in the fauna is a carryover from older faunas. The 
exact horizon from which the crinoids are derived 1s 
not specified, but they are from the interbedded shales 
and limestones of the upper half of the formation. The 
Serpukhovian—Bashkirian boundary occurs within the 
middle of the Tagana Formation. Therefore, the age of 
this fauna is earliest Bashkirian. 


Hassi Kerma Formation 


Lower Part of Hassi Kerma Formation 
(Early Bashkirian) 


Dicromyocrinus? sp. [7] 

Cladid indeterminate 2 [3] 

@Floricyclus ct. F. angustimargo Moore and Jeffords, 1968 [1] 
@Plummeranteris? sp. [1] 

Taxocrinid indeterminate [1] 

Sagenocrinid indeterminate | [5] 


The fauna from the lower part of the Hassi Kerma 
Formation is mostly disarticulated cup ossicles, col- 
umnals, and fragmentary cups. This fauna is distinc- 
tive in the absence of camerates and the near codom- 
inance of flexibles and cladids. The continuation of the 
cromyocrinids corresponds with their common occur- 
rence in Pennsylvanian faunas in North America 
(Webster, 1981) and presence in 14 of the 18 faunas 
recognized herein. This collection and that from the 
upper part of the Hassi Kerma Formation are the only 
two containing abundant disarticulated ossicles, in- 
cluding columnals. It is not known if this is a result 
of taphonomy, collecting bias, or both. 


Upper Part of Hassi Kerma Formation 
(Early Bashkirian) 


Aacocrinus algeriaensis n. sp. [5] 
Aacocrinus algeriaensis? [2] 
Blairocrinus grafensis n. sp. [1] 
Actinocrinitid indet. 4 [5] 
Platycrinites hamarensis n. sp. [1] 
Platycrinites sp. 3 [1] 
Platycrinites sp. 4 [2] 
Platycrinites sp. 5 [2] 
Dicromyocrinus catillus n. sp. [1] 
Mathericrinus wallacei n. comb.[1] 
Cladid indeterminate 2 [3] 
Cladid indeterminate 4 [2] 
Cladid indeterminate 5 [1] 
Cladid indeterminate 6 [1] 
Cladid indeterminate 7 [4] 
oPlummeranteris? sp. [1] 
@Columnal undesignated [1] 
Amphicrinus prinsi n. sp. [7] 
Crinoid Indeterminate | [1] 
Crinoid Indeterminate 2 [2] 
Crinoids Indeterminate [17] 


Although the list of taxa for the fauna from the up- 
per part of the Hassi Kerma Formation is the largest 
of the Algerian faunas, it cannot be considered to be 
a true count of the number or diversity of taxa rec- 
ognized. Two or three of the indeterminate taxa may 
be from a single taxon, Platycrinites sp. 3, 4, and 5 
may be parts of one or two species, and some of the 
columnal taxa may belong to one of the other taxa 
listed. 

The estimated composition of this fauna, occurring 
in limestones, is four camerates, six to eight cladids, 
and one flexible. The large number of camerates in a 
Bashkirian fauna is unusual. Most Bashkirian faunas 
worldwide either lack camerates or have only platy- 
crinitid columnals, which are often not reported. The 
occurrence of Aacocrinus is of particular significance 
because it extends the range of the genus upward from 
the Early Carboniferous (Osagean) into the Late Car- 
boniferous. Blairocrinus is also of significance because 
this is only the second reported occurrence of the ge- 
nus in the Late Carboniferous, the other from Des- 
moinesian strata of Japan (Hashimoto, 2001). 


Oued el Hamar Formation 


Lower Part of Oued El Hamar Formation 
(Late Bashkirian) 


*Pimlicocrinus octobrachiatus n. sp. [8] 
Pimlicocrinus sp. [1] 

*Platycrinites hamarensis n. sp. [4] 
Mathericrinus wallacei n. comb. [28] 
*Archaeocidaris sp. [2] 


Three of the taxa listed may belong in the upper 
part of the Oued el Hamar Formation, which contains 
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a much larger fauna. If all of the identified taxa belong 
here, the crinoid fauna is camerate-dominated with an 
associated cromyocrinid and echinoid. 


Upper Part of Lower Part of Qued El Hamar 
Formation (Late Bashkirian) 


*Pimlicocrinus octobrachiatus n. sp. [8] 
Actinocrinitid indeterminate | [2] 


All of the small number of taxa are camerates. Ac- 
tinocrinitid indeterminate | may not be from this ho- 
rizon, but we are uncertain in which part of the Oued 
el Hamar Formation it may have been found. 


Upper Part Of Oued El Hamar Formation 
(Late Bashkirian) 


Sampsonocrinus cheguigaensis n. sp. [74] 
*Pimlicocrinus octobrachiatus n. sp. [8] 
Actinocrinitid indeterminate 3 [1] 
*Platycrinites hamarensis n. sp. [5] 
Platycrinites sp. [1] 

Pleurocrinus folliculus n. sp. 2 [3] 
Eucladocrinus? asymmetricus n. sp. [8] 
Eucladocrinus? sp. [2] 

Mathericrinus wallacei n. comb. [28] 
Cladid indeterminate | [1] 


*Archaeocidaris sp. [2] 


Even without the three questionable occurrences this 
fauna is dominated at the generic level by camerates. 
This may suggest, however, that the questionable oc- 
currences are from this interval. As noted above this 
is atypical of known Bashkirian faunas, and many of 
the same comments can be made about this fauna as 
that of the upper part of the Hassi Kerman Formation. 
The fauna occurs in a clay-dominated sequence of in- 
terbedded claystones and thin limestones. These li- 
thologies are generally cladid dominated. Of particular 
importance in this fauna is the occurrence of Samp- 
sonocrinus and Eucladocrinus. This is an upward ex- 
tension into the Bashkirian of their previously record- 
ed ranges from the Kinderhookian and Osagean. 


Oued Bel Groun Formation (Moscovian) 


Platycrinites? sp. [1] 

Dicromyocrinus? invaginatus n. sp. [5] 
Metacromyocrinus? sp. [1] 

Flexible indeterminate [1] 


The Oued Bel Groun fauna is the youngest known 
Paleozoic echinoderm fauna from Algeria. It is dom- 
inated by cromyocrinids, a group reaching their diver- 
sity acme during the early and middle Late Carbonif- 
erous. The occurrence of a platycrinitid in the fauna is 
not unexpected since platycrinitids, although rare, are 
found in the equatorial belt worldwide throughout the 
Late Carboniferous (Bowsher and Strimple, 1986). 


FAUNAL SUMMARY 


Several generalizations may be made when com- 
paring the various Algerian faunas to time-correlative 
faunas worldwide. The Algerian faunas provide con- 
siderable new interpretations regarding evolution and 
paleobiogeographic distributions of some taxa. 

With the exception of Koryschisma saharae, Ecto- 
crinus rouchi n. comb., Mathericrinus wallacei n. 
comb., Cibolocrinus africanus, and @Floricyclus cf. F. 
angustimargo, all named species in the Algerian fau- 
nas are new species. With the exception of Rhodocrin- 
ites, Ectocrinus (as Amphoracrinus), Actinocrinites (as 
Actinocrinus), Platycrinites (as Platycrinus), Pleuro- 
crinus, Cibolocrinus, and Archaeocidaris this is the 
first report of Megaliocrinus, Aacocrinus, Sampsono- 
crinus, Blairocrinus, Pimlicocrinus, Eucladocrinus, 
Synbathocrinus, Hebohenocrinus n. gen., Balearocri- 
nus, Scytalocrinus, Ampullacrinus n. gen., Hydriocri- 
nus, Cosmetocrinus, Dicromyocrinus, Mooreocrinus, 
Metacromyocrinus, Mathericrinus, Paianocrinus, Am- 
phicrinus, @Floricyclus, @Plummeranteris, and Palae- 
chinus, from North Africa, extending geographic rang- 
es for various genera from Europe, North America, 
Russia, China, Australia, and Japan. 

The stratigraphic ranges are extended downward 
into the Serpukhovian for Hydriocrinus, Dicromyocri- 
nus, and Mooreocrinus. Hydriocrinus was previously 
known from Desmoinesian into Virgilian strata. Di- 
cromyocrinus and Mooreocrinus were previously 
known from Morrowan through Desmoinesian strata. 
Stratigraphic ranges are extended upward into the 
Bashkirian for Ectocrinus, Aacocrinus, Sampsonocri- 
nus, and Eucladocrinus. The upper range of all of 
these genera was previously recognized as Viséan. 

Four species in the Algerian faunas are reported 
from more than one horizon. Koryschisma saharae 
ranges from the Akacha Formation into the Mouizeb 
el Atchane Member (Viséan—Serpukhovian). Dicro- 
myocrinus vastus n. sp. occurs in the El Guelmouna 
Formation, Mouizeb el Atchane Member, and bound- 
ary beds of the Hid el Kef Member and Djenien Mem- 
ber (all Serpukhovian). Platycrinites aouidjaensis 0. 
sp. occurs in the Mouizeb el Atchane and Hid el Kef 
members (both Serpukhovian). Ampullacrinus tritu- 
bulus n. gen. n. sp. occurs in the Ain el Mizab and 
Djenien formations (both Serpukhovian). 

Actinocrinitids and platycrinitids were exceedingly 
abundant during the Mississippian of Europe and 
North America, as shown on the distribution lists com- 
piled by Bassler and Moodey (1943) and more recently 
reported in China (Chen and Yao, 1993) and Australia 
(Lindley, 1979, 1988; Webster and Jell, 1999a). Actin- 
ocrinitids and platycrinitids were essentially equatori- 
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al-belt cosmopolitan taxa during the Mississippian. 
Platycrinitids, although they became less common, 
continued as equatorial cosmopolitan taxa through the 
Pennsylvanian and into the Permian, whereas the ac- 
tinocrinitids were restricted to the Tethys during this 
time. Actinocrinitids have been reported in Japan 
(Hashimoto, 2001) and Iran (Webster ef al., 2001) 
from the Early Pennsylvanian (Morrowan or Bashki- 
rian). Although their occurrence in Algeria expands 
their paleogeographic distribution within the Tethys 
and explains where they continued to evolve during 
the Early Pennsylvanian before their presence in the 
Permian of Timor (Wanner, 1916, 1924, 1937) and 
Late Permian extinction, a large time gap still exists 
between these Early Pennsylvanian and Permian oc- 
currences. The actinocrinitids must have been some- 
where during this time, but where remains to be dis- 
covered. 

Disparid crinoids are minor elements of the Algerian 
faunas, occurring in two of the oldest three faunas. 
Cladid crinoids taxonomically dominate the fauna 
from the Akacha Formation, but do not occur in abun- 
dance. Balearocrinus is also known from the island of 
Minorca in the Mediterranean and appears to be a 
western Tethys endemic of Viséan age. The dendro- 
crinid Hebohenocrinus n. gen. may be an early Bash- 
kirian western Tethys endemic. 

Cromyocrinids dominate the cladids in the Algerian 
faunas. The occurrences of cromyocrinids in most of 
the Algerian faunas, with the downward extension of 
the ranges of Dicromyocrinus, Mathericrinus, and 
Mooreocrinus, suggest that major evolution was oc- 
curring in this clade in northern Africa during the Ser- 
pukhovian. Although cromyocrinids are present in the 
Viséan and Serpukhovian in Europe and North Amer- 
ica, often they are relatively insignificant in numbers 
and diversity. Their greatest diversity and abundance 
are in the Pennsylvanian of North America (Webster, 
1981). 

Scytalocrinacids are the second most common clad- 
id in the Algerian faunas, but they do not occur in 
abundance and are restricted to the Serpukhovian fau- 
nas. Some of the indeterminate crinoids in the upper 
part of the Hassi Kerman Formation may be scytalo- 
crinids. Recognition of a cladid crown with three en- 
toneural canals shows that evolution of entoneural ca- 
nals occurred in more than one clade, and by itself, is 
not a diagnostic character of the articulates. The oc- 
currence of the pirasocrinacid Paianocrinus? carinatus 
n. sp. possibly extends the geographic range of the 
genus from North America; whereas the occurrences 
of two zeacrinitids in the late Viséan Ain Mezerelt 
Member and the early Serpukhovian El Harrada Mem- 
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ber show relationship with both European and North 
American faunas. 

Flexible crinoids are generally few in number and 
low in diversity, occurring in five of the 18 faunas of 
Algeria. Of particular significance is the occurrence of 
Cibolocrinus in the late Serpukhovian part of the Djen- 
ien Formation as reported by Strimple and Pareyn 
(1982), the oldest record of this genus. Cibolocrinus 
apparently spread from Algeria into North America, 
where it is known from several species during the Late 
Carboniferous and Early Permian. It reached its acme 
during the Permian, and is known from various shelf 
basins along the southeast (especially Timor), western, 
and northern margins of the Tethys, as well as Bolivia 
(Webster, 2003). This is the first record of Amphicrinus 
from the Serpukhovian. It was recognized previously 
in the Viséan of Scotland and Russia and the Morro- 
wan and Desmoinesian of the United States (Webster, 
2003). 

Archaeocidarid spines and interambulacral plates 
are common elements in many Late Paleozoic faunas, 
whereas coronas seldom are preserved. The preserva- 
tion of a partial corona suggests rapid burial of the 
specimen. 


SYSTEMATIC PALEONTOLOGY 
INTRODUCTION 


Generic and specific concepts followed herein are 
based on morphologic characters used in the Treatise 
(Moore and Teichert, 1978). Crinoid species are more 
variable than was realized by most researchers in the 
nineteenth and first half of the twentieth century. 
Where large populations are available for study, char- 
acters such as the number of arms, disposition of the 
anal plates, and degree of ornamentation are found to 
vary considerably (see, for example, Ausich and Se- 
vastopulo 2001; Lane 1963; Wright 1927). A character 
that is commonly variable in one clade, however, is 
not necessarily so in another. Where a large number 
of specimens were available in this study, as, for ex- 
ample, in Ectocrinus, it was possible to assess intra- 
specific versus interspecific variation. In the majority 
of taxa, however, large populations were not available. 
New species erected, however, are sufficiently distinct 
morphologically from previously described congeneric 
species that it is unlikely that they will be found to be 
junior synonyms. The delimitation of supraspecific 
taxonomic categories in crinoids in the past has not 
been consistent, and many examples of polyphyletic 
and paraphyletic groupings are evident in the Treatise. 
In this study, we have tried to ensure that genera are 
monophyletic clades. The characters that serve to dif- 
ferentiate genera vary from clade to clade. 
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TERMINOLOGY 


Crinoid terminology follows Ubaghs er al. in Moore 
and Teichert (1978), with modifications by Webster 
(1974) and Webster and Lane (1987). Blastoid termi- 
nology follows the Treatise (Moore, 1967), as modi- 
fied by Breimer and Macurda (1972). Columnal nod- 
itaxis formulae are after Webster (1974), and measure- 
ment and curvature teminology are after Webster and 
Jell (1999a). 


Basal Cup and Proximal Stem 


The terms stem impression, basal concavity, and 
basal invagination have been used interchangeably and 
indiscriminantly by various authors in the past. For 
uniformity of description, we propose and apply the 
following terminology when describing the base of the 
cup (Text-fig. 3). 

Horizontal infrabasal or basal circlet.—forms a 
planar fused (one single plate) or articulated (two to 
five plates) plate at the base of the cup normal to the 
linear axis of the crinoid, irrespective of the living ori- 
entation of the animal (Text-fig. 3A). There is no flex- 
ure in the plate(s) although the exterior surface distal 
to the stem facet may contain elevated or depressed 
ornamentation. 

Stem facet.—is the circular or polygonal attachment 
scar formed where the stem attaches to the base of the 
cup. Stem facet refers only to the configuration of the 
attachment scar, which may or may not be horizontal 
and may or may not have a central depression (Text- 
fig. 3B). The stem facet may be flush with the external 
surface of the cup (usually the infrabasal or basal cir- 
clet) or, more commonly, at the base of an impression. 


Stem facet is distinct from articular facet. Articular 


facet is applied to the proximal and distal articular sur- 
faces of columnals, but these are easily distinguished 
in context, and usually referred to as columnal facets. 

Stem impression.—is the depression on the external 
surface of the cup (usually the infrabasal or basal cir- 
clet) formed by an inset of the proximal columnal into 
the cup with or without any flexure of the cup plate(s) 
(Text-fig. 3C). The stem impression may be filled by 
part or all of the proximal columnal and may become 
deeper with growth of the plates. Often the proximal 
columnal is preserved attached to the cup and when 
in a basal concavity may be difficult to recognize with- 
out having a cross-section of the specimen cutting 
through the stem facet. 

Basal concavity (= basal invagination).—is a dis- 
tinct flexure of the base of the cup, usually the basal 
(Text-fig. 3D) or infrabasal (Text-fig. 3F) plates, pro- 
ducing an invagination or concavity at the base of the 
cup with the stem facet at the deepest part of the in- 


Text-figure 3.—Diagrams of base of cup demonstrating plate re- 


lationship of stem impression, and basal concavity or invagination. 
Symbols and abbreviations: Basal plates in black; LA—linear axis, 
Si—stem impression, BC—basal concavity, PBC—pseudobasal 
concavity. A. Orientation of linear.axis of crinoid and “horizontal” 
infrabasal or basal circlet. Living organism may tilt to a great angle 
laterally or even hang upside down. Linear axis may curve laterally 
in one or both directions distally from circlet. Centrally positioned 
axial canal dashed. B. Exterior surface of fused infrabasal or basal 
circlet showing stem facet and central axial canal. C. Cross-section 
through axial canal of horizontal infrabasal or basal circlet with stem 
impression on exterior surface. D. Cross-section through axial canal 
of part of crinoid cup with horizontal infrabasal circlet with stem 
impression at base of basal concavity or invagination. Note the 
downward flexure in the proximal part and recurving upward flexure 
in the distal part of the basals (in black). E. Cross-section through 
axial canal of part of crinoid cup with downflaring infrabasal circlet 
with stem impression (SI) at base of basal concavity (BC) or invag- 
ination. The basals (in black) are recurved. F Cross-section through 
axial canal of an infrabasal circlet. Infrabasals downflaring proxi- 
mally and extend beyond the basal plane recurving distally flaring 
upward and are visible in lateral view. G. Cross-section through 
axial canal of horizontal infrabasal circlet with bulbous basals (in 
black) forming a pseudobasal concavity (PBC) or invagination. Note 
the lack of any downward flexure in the infrabasals or basals. 


vagination. Distal from the deepest part of the invag- 
ination the basal or infrabasal plates recurve to form 
the basal part of the walls of the cup. The distal parts 
of the infrabasals and proximal parts of the basals may 
be downflared (Text-fig. 3E) to form the basal concay- 
ity in some crinoids. Rarely the proximal parts of the 
radials also are downflared, such as in some genera of 
the Zeacrinitidae. To avoid confusion, it is recom- 
mended that stem invagination not be used when dis- 
cussing the cup, because invaginations sometimes oc- 
cur on the stem, such as where cirri attach. These 
could be referred to as stem invaginations although 
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they are more appropriately referrred to as cirral or 
cirrus invaginations. 

Pseudobasal concavity (= pseudobasal invagina- 
tion).—is the concavity formed by externally inflated 
cup plates adjacent to the stem facet without any 
downward inflection of the interior surface of the in- 
flated plates as observed in cross-section (Text-fig. 
3G). In some instances, immature stages have a flat or 
upflared base. With growth, the plates become inflated 
and a pseudobasal concavity develops. Without an in- 
terior view of the stem facet, it is sometimes impos- 
sible to determine if a basal concavity or pseudobasal 
concavity exists. 


Radial Facet Width 


Terms to describe the relative width of the radial 
facet compared to the width of the radial are angustary, 
peneplenary, and plenary. Plenary has been accepted 
as the facet occupying the full width of the radial to 
the lateral suture with adjacent radials or anals. The 
use of peneplenary and angustary has been subjective 
and what one author might call angustary another 
would call peneplenary. The Treatise (Moore and 
Teichert, 1978, pp. 231, 232) defined angustary as 
“very much narrower than width of plate,’ and pe- 
neplenary “‘occupying most but not all of distal ex- 
tremity of plate, leaving nonarticular surfaces (gener- 
ally narrow) next to sutures at plate margins.”” In order 
to standardize the meaning of these two terms, we pro- 
pose that angustary be defined as occupying 70% or 
less of the radial width at the distal ends of the lateral 
suture of the radial with adjacent plates. Peneplenary 
is defined as occupying greater than 70% but less than 
100% of the width of the radial at the distal ends of 
the lateral suture with adjacent plates. 


Cladid Anals 


Cladid anals have been referred to as radianal, anal 
X, and right-tube plate by most crinoid workers since 
the early 1900s. Prior to that time a number of no- 
menclature systems were used by various authors. 
Webster er al. (2003) used primanal, secundanal, and 
tertanal respectively for the cladid anal plates. Webster 
and Maples (2003) noted that the use of anal X is often 
a misnomer and recommended following the usage of 
Webster ef al. (2003). That recommendation is fol- 
lowed herein. 


CLASSIFICATION 


Problems within higher level classifications of Pa- 
leozoic crinoids have been discussed by numerous au- 
thors over the past 20 years, as briefly summarized by 
Webster (1997) and McIntosh (2001). Currently the 
classification is undergoing critical review by several 


crinoid workers, some of who have proposed different 
classifications (e.g., Simms and Sevastopulo, 1993; 
Ausich, 1998a). Modification of these classifications 
was proposed to include Paleozoic articulates by Web- 
ster and Jell (1999b). Undoubtedly there will be ad- 
ditional modifications within the next few years, es- 
pecially within the Inadunata, a subclass that was dis- 
carded by both Simms and Sevastopulo (1993) and 
Ausich (1998b). Also, there will be considerable 
change in the classification of crinoids currently in the 
Suborder Poteriocrinina, which may be polyphyletic 
and was discarded by McIntosh (2001) and Webster 
(2003). Webster (1997) discussed some of the prob- 
lems within the Poteriocrinina and considered the 
Family Poteriocrinitidae to be derived from the cyath- 
ocrinitids, whereas McIntosh (2001) considered the 
Poteriocrinitidae to be derived from the dendrocrinids. 


REPOSITORY 
All specimens are reposited in the Nationaal Natu- 
urhistorisch Museum, Leiden, The Netherlands, under 
six-digit numbers preceded by RGM, except as noted 
under Cibolocrinus africanus. 


Subphylum CRINOZOA Matsumoto, 1929 
Class BLASTOIDEA Say, 1825 
Order FISSICULATA Jaekel, 1918 


Family PHAENOSCHISMATIDAE Etheridge and 
Carpenter, 1886 


Genus KORYSCHISMA Sprinkle and Gutschick, 
1990 


Koryschisma saharae (Breimer and Macurda), 1972 
Plate 3, figures 15, 16 

Pentremites sp. Pareyn, 1961, p. 223-224. 

Phaenoschisma? saharae Breimer and Macurda, 1972, p. 18-20, 
387, pl. 5, figs. 4, 5, 10; Macurda, 1983, p. 61-65, pl. 14, figs. 
1-13, table 21. 

Koryschisma saharae (Breimer and Macurda, 1972). Sprinkle and 
Gutschick, 1990, p. 120. 


Diagnosis.—Theca large, elongate conical, L/W av- 
erages 1.71, pelvis much longer than vault, V/P aver- 
ages 0.23, pelvic angle averages 38°; deltoid crests low 
to medium, hypodeltoid large, other deltoids appear 
confined to ambulacral sinuses; ambulacra nearly lin- 
ear, lancet making up about % of width; 5—9 hydrospire 
slits per group, number reduced by % on anal side; 
subdued secondary deposits at tip of basals. 

Remarks.—The original description of Koryschisma 
saharae by Breimer and Macurda (1972) was based 
on three specimens collected by Pareyn from the un- 
differentiated Akacha and Mazzer formations, Missis- 
sippian (late Viséan, P2) at Djebel Ioucha (two spec- 
imens), and from the top of the El Guelmouna For- 
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Table 1.—Measurements in mm for Koryschisma saharae. 


Spec. no. (RGM) 


361 151 361 150 361 152 
Length 24.5 19.4 16.63 
Width 16.8 eal 10.9 
Vault 5.65 5.9 5.65 
Pelvis 18.85 es) 10.98 
Pelvic angle 36 38 36 
Length/width 1.46 1.28 1.52 
Vault/pelvis 0.3 0.44 0.51 


mation, Mississippian (early Serpukhovian, El) at El 
Guelmouna (one specimen). Both localities are south- 
east of Béchar in northwestern Algeria. These speci- 
mens are not well preserved, particularly in the critical 
oral and anal areas, making generic assignment ques- 
tionable. As a part of the discussion of these speci- 
mens, Breimer and Macurda (1972, p. 20) stated that 

if there is an epi- and hypodeltoid, this most 
closely resembles a new Lower Mississippian genus 
being described from Montana by James Sprinkle and 
Raymond Gutschick. They will re-assign it to their ge- 
nus.” Macurda (1983) provided a more complete de- 
scription of the species based on eight additional spec- 
imens from the same localities that were much better 
preserved. Sprinkle and Gutschick (1990) erected Ko- 
ryschisma for their material from Montana and reas- 
signed the Algerian specimens to Koryschisma sahar- 
ae. There is no indication that they had additional Al- 
gerian material to examine. 

We conclude that the specimens described in this 
collection are conspecific with Koryschisma saharae 
even though they are somewhat wider relative to 
length than indicated in the revised diagnosis of Sprin- 
kle and Gutschick (1990) and have a somewhat longer 
vault (Table 1). We will not repeat the detailed de- 
scription of the species from Macurda (1983) because 
our specimens fit well within the parameters given 
there for Koryschisma saharae. Although the current 
specimens are generally well preserved, each is miss- 
ing the hypodeltoid. The lateral margins of the am- 
bulacral sinuses are not preserved well enough to de- 
termine the number of hydrospire slits. 

Breimer and Macurda (1972) reported Koryschisma 
saharae from the Akacha-Mazzer Formation of late 
Viséan age and the Mouizeb el Atchane Member of 
middle early Serpukhovian age. The occurrence in the 
Ain Mezerelt Member of earliest Serpukhovian age 
fills part of the gap between the earlier reported oc- 
currences. 

Koryschisma is known from the Kinderhookian 
(early Tournaisian) part of the Lodgepole Formation, 
Montana, and the Osagean (late Tournaisian) Lake 


Valley Formation, New Mexico, in western North 
America (Sprinkle and Gutschick, 1990). Its occur- 
rence in the late Viséan and early Serpukhovian of 
northern Africa reflects migration into the western Te- 
thys during the Early Mississippian. 

Material.—Three specimens: RGM 361 150 (llus- 
trated), RGM 361 151, and RGM 361 152 from the 
Ain Mezerelt Member, E] Guelmouna Formation, Mis- 
sissippian (Serpukhovian, El, Pareyn, 1961), at Moui- 
zeb Reouten, Legrand-Blain collection. 


Class CRINOIDEA J. S. Miller, 1821 


Subclass CAMERATA Wachsmuth and Springer, 
1885 


Order DIPLOBATHRIDA Moore and Laudon, 1943 
Superfamily RHODOCRINITACEA Roemer, 1855 
Family RHODOCRINITIDAE Roemer, 1855 
Genus RHODOCRINITES J. S. Miller, 1821 


Rhodocrinites sp. 
Plate 1, figures 1-3. 


Description.—Theca globose, exposed length 15 
mm, width 21 mm, widest at distal ends of first pri- 
mibrachial, walls slightly inclined distally, rounded 
stellate ornament, ray ridges not present, deep apical 
pits, all plates very tumid. Infrabasals confined to deep 
basal concavity, not exposed. Basals 5, large, hexag- 
onal, length 5 mm (estimated), width 4.9 mm, form 
base of cup, recurved, proximal end in basal concavity, 
distal ends upflared. Radials 5, septagonal, equidimen- 
sional 4.9 mm, outflared. Primanal in line of radials; 
anal series 1-3-4-2+-". Interray series begins in line 
of radials; series |-2-3-3-?. First primibrachial hexag- 
onal. Second primibrachial pentagonal, axillary, iso- 
tomous branching. Stem circular in transverse section, 
heteromorphic; noditaxis N3231323 minimal. Colum- 
nals short, symplectial articulation; latus convex; lu- 
men pentalobate. 

Remarks.—The globose shape of the specimen sug- 
gests that it may represent a new species. It is one of 
the few forms with deep apical pits, such as the trun- 
cate-cone shaped Rhodocrinites kirbyi (Wachsmuth 
and Springer, 1889) and Rhodocrinites sp. (Arendt, 
2002, pl. 1, fig. 1), the latter also of Serpukhovian age. 
The specimen is well preserved but lacks the free 
arms. The distal base of the fixed arms, tegmen, and 
anal opening are not exposed, precluding its use as a 
holotype. Webster (1997) noted that Rhodocrinites, 
which reached its acme during the Osagean of North 
America and late Tournaisian of Europe, is in need of 
review. 

Material.—One specimen RGM 361 153, Ain Mez- 
erelt Member, El] Guelmouna Formation, Mississippian 
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(Serpukhovian, El), at Mouizeb Reouten, Pareyn col- 
lection. 


Order MONOBATHRIDA Moore and Laudon, 
1943 


Suborder COMPSOCRININA Ubaghs in Moore 
and Teichert, 1978 


Superfamily PERIECHOCRINACEA Bronn, 1849 


Family PARAGARICOCRINIDAE Moore and 
Laudon, 1942 


Genus MEGALIOCRINUS Moore and Laudon, 
1942 


Megaliocrinus? sp. 
Plate 1, figure 13 


Amphoracrinus nov. sp. A Pareyn, 1961, p. 76. 


Description.—Partial theca with calyx plates poorly 
preserved, numerous ungrouped arm openings, and 
numerous bulbous tegmen plates leading to terminal 
large central plate. 

Remarks.—The cup is not preserved and the tegmen 
is crushed inward on the opposite side. The preserved 
part of the specimen is similar to Megaliocrinus apla- 
tus Moore and Laudon (1942) from the Morrowan 
(Early Pennsylvanian) of North America. The two 
rows of larger distal tegmen plates below the terminal 
plates on this specimen, however, distinguish it from 
M. aplatus. Provisionally this extends the range of the 
genus downward into the Mississippian. The genus is 
also known from the Early Pennsylvanian (Bashkirian) 
of Spain (Strimple, 1976). 

Material.—One partial theca (RGM 361 175) from 
the Mississippian (Serpukhovian, E2; Pareyn, 1961) 
Mouizeb el Atchane Member of the Ain el Mizab For- 
mation, at Mader el Mahjib, synclinal bed 14, Pareyn 
collection. 


Family AMPHORACRINIDAE Bather, 1899 


Emended diagnosis.—Actinocrinoid-like crinoids 
possessing five large oral plates at the tegmen summit, 
having the anal opening on a short anal tube or 
obliquely oriented beneath the large posterior oral 
plate, and commonly with meshwork ornamenation on 
calyx plates. 

Remarks.—The families Amphoracrinidae and Ac- 
tinocrinitidae are in need of systematic reevaluation. 
Currently, the Family Amphoracrinidae contains three 
genera: Amphoracrinus, Ectocrinus, and Pimlicocri- 
nus. The main features that distinguish Pimlicocrinus 
from the other two genera are an extremely low calyx 
to tegmen length ratio (as opposed to longer calyx to 
tegmen length ratios in the other genera), the absence 
of five large oral plates at the tegmen summit (as op- 


posed to presence of five large orals at the summits of 
the tegmens in the other genera), and the presence of 
a central to subcentral anal opening at the tegmen sum- 
mit (as opposed to an anal opening at the end of a 
laterally directed anal tube positioned beneath the large 
posterior oral plate in the other genera). 

We consider that Pimlicocrinus is more closely re- 
lated to actinocrinitids than to amphoracrinids. Be- 
cause the arms are grouped rather strongly on our 
specimens of Pimlicocrinus, which also is the case for 
the specimens of Pimlicocrinus figured by Wright 
(1955), and following the classificatory key to subfam- 
ilies and genera of the Actinocrinitidae presented in 
Webster and Lane (1987), we here remove Pimlico- 
crinus from the Amphoracrinidae and place it within 
the Subfamily Actinocrinitinae, Family Actinocriniti- 
dae. 

In addition to Amphoracrinus and Ectocrinus, two 
genera that were erected since publication of the Trea- 
tise (Moore and Teichert, 1978), Ancalocrinus and 
Displodocrinus Webster and Lane (1987) possess large 
spinose orals at the tegmen summit and an obliquely 
directed anal opening. Ancalocrinus was placed in the 
family Actinocrinitidae and Displodocrinus was 
placed in the Sunwaptacrinidae. Based on their shared 
characters with the two other genera of amphoracrin- 
ids, however, we here remove Ancalocrinus from the 
Family Actinocrinitidae and Displodocrinus from the 
Family Sunwaptacrinidae and place them both within 
the Family Amphoracrinidae. These changes in the 
family Amphoracrinidae now restrict its range to the 
Mississippian (Tournaisian, Viséan, and Serpukhovian) 
of North America, Europe, southwest China, and 
North Africa. 


Genus ECTOCRINUS Wright, 1955 


Remarks.—Wright (1955) discussed the early rec- 
ognition of Amphoracrinus, noted the previous rec- 
ognition of A. gilbertsoni (Miller in Phillips, 1836) as 
the type species by Wachsmuth and Springer (1897), 
established the neotype for A. gilbertsoni, and erected 
Ectocrinus. Although he did not specify the generic 
differences between the two genera, his description of 
Ectocrinus mentions that the tegmen has very steep or 
concave sides and the cup has a more inflated bowl 
shape. All three species that Wright (1955) assigned to 
Ectocrinus (E. olla, E. expansus, and E. macneanensis) 
are distinguished from Amphoracrinus by the concave 
sides of the tegmen, a more inflated cup, and the pres- 
ence of five very large orals with projecting transverse 
ridges at the summit of the tegmen. The extreme de- 
velopment of the orals (large blade-like transverse pro- 
trusions ending in three short rounded nodes) also oc- 
curs on A. anthodeus Chen and Yao (1993), which we 
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assign to Ectocrinus. One could argue that the mor- 
phologic differences between Amphoracrinus and Ec- 
tocrinus are insignificant for generic recognition be- 
cause Amphoracrinus also has 5 large orals at the sum- 
mit. In Amphoracrinus, however, the orals tend to be 
smaller, commonly are very bulbous or have rounded 
protrusions, and lack the transverse ridge. Currently 
the 17 species assigned to Amphoracrinus (Bassler and 
Moodey, 1943; Wright, 1955; Webster and Lane, 1987; 
Chen and Yao, 1993) are known from northwestern 
Europe, North America, and China. Ectocrinus prob- 


ably evolved from Amphoracrinus by modification of 


the orals and, including those below, currently has sev- 
en species assigned to it from England, Ireland, Mo- 
rocco, Algeria, and China. 


Ectocrinus rouchi (Delpey, 1941), new combination 
Plate 1, figures 4—12 


Amphoracrinus rouchi Delpey, 1941, p. 217, figs. 4-8. Termier and 
Termier, 1950, p. 83, pl. 208, figs. 37-41; Webster, 1973, p. 51. 


=) 


Description.—Theca turbinate, tegmen shorter than 
calyx, all plates with fine anastomosing ridge ornament 
forming irregular meshwork pattern, sutures im- 
pressed, pentalobate in oral view, may be slightly wid- 
er on posterior. Calyx medium high to wide bowl- 
shaped, sides weakly convex, base truncated for stem 
attachment. Basal circlet formed by 3 subequal plates, 
proximally horizontal, distally upflared at approxi- 
mately 50°, visible in lateral view. Radials 5, hexag- 
onal (A, C, and D) or septagonal (B and E) if adjoining 
2 basals, slightly wider than long to equidimensional, 
outflared at approximately 50°, straight to slightly con- 
vex longitudinally, gently convex transversely. Radial 
facet plenary. Primanal hexagonal, slightly longer than 
wide, slightly smaller than radials, in line with radials; 
anitaxis |-2-3-3-tegmen. Primibrachials 2; first primi- 
brachial hexagonal, widening to base shoulder facets; 


second primibrachial pentagonal, axillary, much wider 


than long, straight to gently convex longitudinally; 
both primibrachials gently convex transversely, upflar- 
ing more steeply than radials. First and second secun- 
dibrachials fixed; second secundibrachials  biserial, 
arms free above. Ambulacral openings 2 per ray, elon- 
gate, separated by narrow elongate ambulacral plate 
adjoining two central mutually adjacent second secun- 
dibrachials. Tegmen highly inflated, sides slightly con- 
cave, capped by 5 large orals, summit concave, plates 
slightly to moderately bulbous. Posterior oral largest, 
adjoining other 4 in a semicircle. Orals bear upward- 
flared sharply angular transverse ridge along midline, 
commonly lost by breakage. Ambulacral plates adja- 
cent and above openings small, numerous, irregular, 
grade into slightly larger plates below large orals. In- 
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Table 2.—Measurements in mm for Ectocrinus rouchi n. comb. 


Spec. no. (RGM) 


361 154 361 155 361 156 
Thecal length 37.8 32 45 
Thecal width 30.4 30.2 38 (max.) 
Diameter basal circlet 12 9:3 13 
Basal length 6.1 4.5 6.4 
Basal width 9.0 6.9 10 
Radial length 7.8 6 8.4 
Radial width 10.1 3} 0.5 
Primanal length 8.2 6 9.6 
Primanal width thes) 5.6 9.0 
First primibrach length 5.4 3:1 6.4 
First primibrach width 8.0 6.7 8.2 
Second primibrach length 4.5 4 5:3 
Second primibrach width des} 6.5 7.3 
Anal oral length 6.2 (approx.) 5.9 eh 
Anal oral width 9.3 (approx.) 8.4 95 
Diameter stem facet 6.6 6.8 6.6 


terambulacral plates of intermediate size, irregular up 
to large orals. Anal opening on distal side of anal tube 
formed of small irregular plates, directed upward in- 
side rounded lip terminating tube. Transverse medial 
ridge on posterior oral forms shield above anal open- 
ing. Stem facet round, slightly impressed, crenularium 
very narrow along wide areola, axial canal broadly 
pentalobate. Distal arms and stem unknown. Measure- 
ments given in Table 2. 

Remarks.—Ectocrinus rouchi (Delpey, 1941) was 
described from upper Viséan strata of Morocco. The 
original figures (Delpey, 1941, unnumbered plate figs. 
4-8) are line sketches and show a fine granular orna- 
ment. Delpey (1941, p. 217), however, described the 
ornament as “‘Lornementation des plaques est guillo- 
chée, souvent avec un centre, mais ne forme jamais 
d’étoile,” which we interpret as ““The ornamentation 
is a window-like meshwork, often with a center, but 
without radiating ridges.” This is a meshwork orna- 
ment which is present on Amphoracrinus gilbertsoni 
(Miller in Phillips, 1836) as illustrated by Wright 
(1955, pl. 49, figs. 12, 13) and on Ectocrinus olla 
(M°Coy, 1851) as illustrated by Wright (1955, pl. 52, 
figs. 1, 10). Ectocrinus rouchi has a considerably lon- 
ger vase-shaped cup than the Irish species E. macne- 
anensis Wright (1955) or the two English species, E. 
olla and E. expansus Wright (1955), all of which have 
relatively shorter more globose-shaped cups. 

Most specimens of E. rouchi are slightly to mod- 
erately distorted and part of the theca may be lost by 
weathering. Variation in shape of the primibrachials is 
particularly noteworthy among these specimens (Table 
3). In addition, rarely there is a single axillary primi- 
brachial in one ray (RGM 361 156). Abnormalities are 
noted on two specimens. Specimen RGM 361 154 has 
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Table 3.—Number of sides of primibrachial plates of Ectocrinus 
rouchi. Axillary primibrachials followed by capital A. 


Spec. no. 

(RGM) A ray B ray C ray D ray E ray 
361 154 6 6 6 6 4 
361 155 ? 6 5 6 ? 
361 156 4 4 6A 4 4 
361 157 6 5 6 2 B 
361 158 5 4 4 a ? 
361 159 6 6 ? ? 4 
361 160 6 6 6 ? 6 
361 161 6 5 6 ? ? 
361 162 6 6 6 6 ? 


an abnormal E ray. It appears to have been damaged 
and in the process of regeneration of the proximal se- 
cundibrachials at the time of death or it was not re- 
generated (PI. 1, fig. 5). Specimen RGM 361 157 has 
aberrant growth with extreme shortening of the D ray 
in the tegmen, which resulted in arm openings very 
high on the tegmen (PI. 1, fig. 11). This is interpreted 
as the living organism having grown against an un- 
known object and the arm openings were unable to 
become free at the normal position. 

Specimen RGM 361 163—rays uncertain, one pri- 
mibrachial quadrangular, one pentagonal, one hexag- 
onal, others unknown. 

Specimen RGM 361 164—specimen too fractured, 
rays uncertain. 

Material.—Eleven specimens: Four figured speci- 
mens RGM 361 154, RGM 361 155, RGM 361 157, 
and RGM 361 158 and seven unfigured specimens 
RGM 361 156, and RGM 361 159 through RGM 361 
164, all from the undifferentiated Akacha and Mazzer 
formations (Pareyn, 1961), at Couverture au Djebel 
loucha of late Viséan, very late Pl (Pareyn, 1961); 
Pareyn Collection. Specimens RGM 361 154-RGM 
361 156 and RGM 361 158 are from a slightly lower 
stratigraphic level than all others. 


Ectocrinus mezereltensis, new species 
Plate 2, figures 1-12; Plate 3, figures 7-14 


Diagnosis.—Distinguished by one or more of the 
following features: tegmen approximately equal to ca- 
lyx length but variable, tegmen with slightly convex 
to mostly concave sides, coarser nodose to anasto- 
mosing ornament, or narrower transverse ridges on 
five large orals. 

Description.—TVheca turbinate, tegmen approxi- 
mately same length as calyx varying from slightly less 
to a little greater length, all plates with coarse granu- 
lose to anastomosing ridge ornament, pentalobate in 
oral view, widest on posterior. Calyx wide bowl- 
shaped, sides vary from slightly concave to straight to 


weakly convex, base truncated for stem attachment. 
Basal circlet tripartite, formed by 3 subequal plates, 
proximally horizontal, distally outflared, visible in lat- 
eral view. Radials 5, hexagonal (A, C, and D) or hep- 
tagonal (B and E) if adjoining 2 basals, slightly wider 
than long to equidimensional, outflared at approxi- 
mately 45°, straight to slightly concave longitudinally, 
gently convex transversely. Radial facet plenary. Pri- 
manal hexagonal, slightly longer than wide, slightly 
smaller than radials, in line with radials; anitaxis 1-2- 
3-4-tegmen. Primibrachials 2; first primibrachial quad- 
rate, pentagonal, or hexagonal widening to base shoul- 
der facets, shape dependent on contacts with first in- 
terprimibrachials, quadrate none, pentagonal 1, hex- 
agonal 2; proximal and distal sutures convex outward 
giving pseudohexagonal or puffy quadrate form; sec- 
ond primibrachial pentagonal, axillary, wider than 
long, straight to gently convex longitudinally, moder- 
ately convex transversely, outflaring at same angle as 
radials to more upflaring. First secundibrachial fixed; 
second secundibrachials biserial, arms free above. Am- 
bulacral openings 2 per ray, elongate, separated by 
narrow elongate ambulacral plate adjoining 2 central 
mutually adjacent second secundibrachials. Tegmen 
highly inflated, sides slightly concave to slightly con- 
vex, capped by 5 large orals. Posterior oral largest ad- 
joined by all others. Orals bear upward-flared trans- 
verse ridge slightly distal of midline, often lost by 
breakage. Ambulacral plates adjacent and above am- 
bulacral openings small, numerous, irregular up to 
large central plate followed by 2 rows of intermediate 
size interlocking staggered plates up to large orals. In- 
terambulacral plates of intermediate size, irregular up 
to large orals. Anal opening on protruded interambu- 
lacral series of small plates, directed laterally or 
obliquely upward. Stem transversely round, hetero- 
morphic proximally; noditaxis NI minimal. Columnals 
very short, latus angular or rounded; crenularium very 
narrow along wide areola; lumen large, broadly pen- 
talobate. Distal arms and stem unknown. Measure- 
ments given in Table 4. 

Remarks.—Ectocrinus mezereltensis n. sp. differs 
from E. rouchi by having nodose to anastomosing or- 
nament that is coarser than that of any of the three 
species recognized by Wright (1955). The transverse 
ridge of E. mezereltensis 1s much smaller than the 
plate-like protrusions on E. anthodeus (Chen and Yao, 
1993). 

Variation is noted in the relative length of the teg- 
men, width of the posterior interray, number and ar- 
rangement of the ambulacral plates, relative size of 
plates immediately below the orals, and concavity of 
the tegmen summit of E. mezereltensis. As in E. rou- 
chi, considerable variation occurs in the shape of the 


Table 4.—Measurements in mm for Ectocrinus mezereltensis n. sp. 
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Type 
Holotype Paratype | Paratype 2 Paratype 3 
Spec. No. (RGM) 
361 165 361 166 361 167 361 168 

Thecal length 37.4 20.9 28.7 35:5 
Thecal width (maximum) 40.3 20 26.6 325 
Diameter basal circlet 10.1 By 8 10.5 
Basal length 5.6 333) 4 S) 
Basal width 8.1 5 6.7 7.6 
Radial length 7 3. 4.3 6.0 
Radial width 8.6 5.4 6.4 3.2 
Primanal length 6.7 3.6 Sil 6.1 
Primanal width 6.1 3:3 4.5 6.1 
First primibrachial length 6.8 2 3.6 4.5 
First primibrachial width 7.6 4.1 5.5 Gh) 
Second primibrachial length 2:3 2.6 ») 5 
Second primibrachial width 4.5 6.6 8.5 Thee) 
Anal oral length ie B) 4.9 7.5 
Anal oral width 8.5 525 eS 7.4 
Diameter proximal columnal 3.5 5) 6.5 


first primibrachials of E. mezereltensis (Table 5) and 
rarely there is an axillary single primibrachial in one 
ray. 

Material.—Nine specimens: Holotype RGM 361 
165, six paratypes RGM 361 166—RGM 361 171, and 
two mentioned specimens (RGM 361 172, RGM 361 
173). All specimens from the Ain Mezerelt Member, 
El Guelmouna Formation, Mississippian (early Ser- 
pukhovian, El; Pareyn, 1961), at Mouizeb Reouien; 
Pareyn collection. 

Etymology.—Named for the Ain Mezerelt Forma- 
tion. 


Ectocrinus redactus, new species 
Plate 3, figures 1—4 


Diagnosis.—Distinguished by having most rays 
with single primibrachial axillary, relatively shorter 
calyx length, and the loss of intermediate-size plates 
between the small ambulacrals and the larger distal 


Table 5.—Number of sides of primibrachial plates of Ectocrinus 
mezereltensis. Axillary primibrachials followed by capital A. 


Spec. no. 

(RGM) A ray B ray C ray D ray E ray 
361 165 6 6 6 6 7A 
361 167 4 4 5 5 5 
361 168 3) 5 6 6 5 
361 169 4 4 5 4 4 
361 170 6 6 6 6 5 
361 171 6 6 5 6 LN 
361 172 6 6 6 6 6 
361 173 5 ee ? 5 4 


ambulacrals below the large orals at the tegmen sum- 
mit. 

Description.—Theca turbinate, length 21.6 mm, 
width 21.3 mm, tegmen approximately same length as 
calyx, all plates with medium granulose to anastomos- 
ing ridge ornament, pentalobate in oral view. Calyx 
wide bowl-shaped, length 10.4 mm, width 18.5 mm, 
sides vary from slightly concave to weakly convex, 
base truncated for stem attachment. Basal circlet tri- 
partite, diameter 7.8 mm, formed by 3 subequal plates, 
proximally horizontal, distally outflared, visible in lat- 
eral view. Radials 5, hexagonal (A, C, and D) or hep- 
tagonal (B and E) if adjoining 2 basals, wider (7.3 
mm) than long (5.2 mm) to equidimensional, A ray 
widest, narrower toward anal, outflared at approxi- 
mately 45°, straight to slightly concave longitudinally, 
gently convex transversely. Radial facet plenary. Pri- 
manal hexagonal, slightly longer than wide, slightly 
smaller than radials, in line with radials; anitaxis 1-2- 
3-tegmen. Single primibrachial axillary, hexagonal or 
heptagonal, shape dependent on contacts with second 
interprimibrachials; C ray with 2 primibrachials, first 
pentagonal, axillary second hexagonal. Interprimibra- 
chials large, series 1—2-tegmen. Secundibrachials 2, 
fixed; arms free above. Ambulacral openings 2 per ray, 
elongate, separated by narrow elongate ambulacral 
plate adjoining two central mutually adjacent second 
secundibrachials. Tegmen highly inflated, sides slight- 
ly concave to slightly convex, capped by 5 large orals. 
Posterior oral largest adjoined by all others. Orals bear 
upward-flared transverse ridge distal of midline, com- 
monly lost by breakage. Ambulacral plates adjacent 
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and above ambulacral openings small, numerous, 11- 
regular up to large central plate followed by single 
larger plate below large orals. Interambulacral plates 
of intermediate size, 2 rows interlocking up to large 
orals. Anal opening on protruded interambulacral se- 
ries of small plates, directed obliquely upward, incom- 
plete. Stem facet transversely round, diameter 4.5 mm, 
crenularium very narrow along wide areola; lumen 
large, broadly pentalobate. Distal arms and stem un- 
known. 

Remarks.—Ectocrinus redactus n. sp. was derived 
from E. rouchi or E. mezereltensis by reduction of the 
primibrachials to a single axillary primibrachial in 
most rays. As noted in the descriptions, both E. rouchi 
and E. mezereltensis have considerable variability in 
the number of primibrachials (mostly two, but some- 
times one), and EF. redactus approaches the condition 
of a single primibrachial in all rays. Perhaps more im- 
portant is the loss of intermediate-size plates between 
the small ambulacrals and the larger distal ambulacrals 
below the large orals at the tegmen summit of E. re- 
dactus. This results in E. redactus having a relatively 
shorter calyx length. 

Second secundibrachials of the holotype are lost by 
weathering or breakage on all rays, but facets for their 
attachment to the tegmen plates are present on the 
plates along the sides of the ambulacral openings. The 
narrow intersecundibrachial plate is preserved in two 
rays. 

Material.—Holotype, RGM 361 174, from the Ain 
Mezerelt Member, El Guelmouna Formation, Missis- 
sippian (early Serpukhovian, E1), at Mouizeb Reouten; 
Pareyn collection. 

Etymology.—redactus, Latin, meaning reduced, 
which refers to the reduced number of primibrachials. 


Ectocrinus? sp. 
Plate 3, figures 5, 6 

Remarks.—A fragmentary infrabasal circlet (two 
large, one small infrabasal plates) and partial basal cir- 
clet with three columnals has very fine granular to ver- 
miform ornament. It is questionably assigned to Ec- 
tocrinus, lacking the proximal arm plates and tegmen 
needed for unquestioned generic assignment. 

Material.—Figured specimen (RGM 361 350) from 
the El Harrada Member, Ain el Mizab Formation, Mis- 
sissippian (Serpukhovian, El), Cirque de Tagnana 
(Oued Narkla); Pareyn collection. 


Family ACTINOCRINITIDAE Austin and Austin, 
1842 
Subfamily ACTINOCRINITINAE Ubaghs in 
Moore and Teichert, 1978 
Genus ACTINOCRINITES J. S. Miller, 1821 
Remarks.—The stratigraphic range of Actinocrinites 
is Middle Devonian to Permian (Webster, 2003). The 


acme of the genus is in the Tournaisian, where it is 
cosmopolitan in the equatorial belt. Discovery of the 
Algerian Serpukhovian species fills a gap in the pre- 
viously recognized range. Actinocrinites is currently 
unknown in the Pennsylvanian and known only from 
the Permian of Timor and Australia. 


Actinocrinites becharensis, new species 
Plate 3, figures 17—20 


Diagnosis.—Distinguished by the combination of 
cup equal to tegmen length, lesser degree of arm pro- 
trusion, smaller number of arms, and enlarged bulbous 
ornament on proximal half of radials. 

Description.—Theca turbinate, length 34.1 mm (in- 
complete), width 32.6 mm; calyx medium _ bowIl- 
shaped, length 15.9 mm, width 17.5 mm; tegmen con- 
ical with slightly excentric anal tube; fixed arms 
grouped, brachial lobes protruded; pentalobate in oral 
view; strongly inflated along E ray from base of cup 
to tegmen summit. Basal circlet 8.2 mm diameter, 
formed of 3 subequal plates with stem facet impression 
proximally surrounded by basal flange, distally upfla- 
red with tips projecting slightly beyond basal flange. 
Radials 5, hexagonal in contact with 2 basals (B and 
E), pentagonal in contact with | basal (A, C, and D), 
upflared, wider than long; radial facet plenary, concave 
exterior suture. Primanal hexagonal, equidimensional 
(4.7 mm), in line of radials; anitaxis |-2-3-3-3-tegmen 
plates. First primibrachial hexagonal where in contact 
with 2 interprimibrachials, pentagonal where in contact 
with | interprimibrachial (C ray only), length 4.7 mm, 
width 7 mm, gently convex longitudinally and trans- 
versely. Second primibrachial axillary, heptagonal, 
length 5.3 mm, width 5.8 mm. Axillary secundibra- 
chial heptagonal or octagonal. Two tertibrachials fixed, 
arms free above, second tertibrachial on outer half of 
ray axillary. Arms flare with first secundibrachial, 6 
arms per ray where free. Interprimibrachial series |-2- 
3-3-tegmen plates. Intersecundibrachial series 1—2-teg- 
men plates. Intertertibrachial series 1-1-2- or 1-2-2- 
tegmen plates. Tegmen plates medium size, with cen- 
tral node irregularly along center of ambulacral plates. 
Interambulacral plates lack nodes. Ornament on cup 
plates enlarged bulbous area on proximal half of radial 
leading to broadly rounded ray ridges extending onto 
tertibrachials. Finer ornament of anastomosing ridges 
on cup and tegmen plates, most strongly developed at 
top cup to base tegmen. Anal tube excentric, incom- 
plete, extending at least 4.4 mm above tegmen summit. 
Stem facet round in outline, 6.2 mm diameter, axial 
canal pentalobate. Distal arms and stem not preserved. 

Remarks.—Late Tournaisian and Viséan species of 
Actinocrinites have relatively long cups, most consid- 
erably longer than the tegmen, giving the specimen a 
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long turbinate appearance with straight to concave cup 
walls; the arms are strongly grouped and widely pro- 
truded; and the ornament varies from rounded nodose 
to coarse nodose to ray ridge. These contrast markedly 
to the inflated convex walls, cup length equal to teg- 
men length, and less protruded bunched arms of A. 
becharensis n. sp. 

Material.—Holotype, RGM 361 176, is from the 
Ain Mezerelt Member, E] Guelmouna Formation, Mis- 
sissippian (early Serpukhovian, El; Pareyn, 1961), 
from Mouizeb Reouien; Pareyn collection. 

Etymology.—tThe species name refers to the region 
in which the specimen was found. 


Actinocrinites combinatus, new species 
Plate 4, figures 6—9 


Diagnosis.—Distinguished by one or a combination 
of some of the following features: cup equal to tegmen 
length, strongly protruded grouped arms, eight arms at 
thecal rim, and elongated nodose ornament. 

Description.—Theca_ spindle-shaped, length 21.7 
mm (incomplete), width 30.3) mm; calyx medium 
bowl-shaped, length 15.4 mm, width 23.3 mm; tegmen 
inverted medium bowl shape, excentric anal tube of 
unknown length; fixed arms grouped, brachial lobes 
strongly protruded; pentalobate in oral view. Calyx or- 
nament coarse nodes elongated to form ray ridges from 
base radials onto tertibrachials, inverted V ridges from 
base radials to first interprimibrachials, and flange 
around proximal edge of basal circlet. Basal circlet 6.6 
mm diameter, formed of 3 subequal plates with hori- 
zontal? stem facet proximally, distally upflared with 
tips not visible in lateral view obscured by flange on 
radials. Radials 5, hexagonal in contact with 2 basals 
(B and E), pentagonal in contact with | basal (A, C, 
and D), upflared, wider (6.1 mm) than long (4.3 mm); 
radial facet plenary, concave exterior suture. Primanal 
hexagonal, slightly longer (4.4 mm) than wide (4.1 
mm), in line of radials; anitaxis|]-2-3-5-3-tegmen 
plates. First primibrachial hexagonal where in contact 
with 2 interprimibrachials. pentagonal where in contact 
with | interprimibrachial, quadrangular if not in con- 
tact with interprimibrachials, length 4.6 mm, width 6.3 
mm, strongly convex longitudinally and transversely. 
Second primibrachial axillary, pentagonal, hexagonal 
or heptagonal depending on contacts with interprimi- 
brachials, length 4.7 mm, width 6 mm. Axillary se- 
cundibrachial pentagonal or hexagonal depending on 
contacts with primibrachials, flares outward. Tertibra- 
chials 2 or 3, second tertibrachial on outer half ray 
axillary, third tertibrachial axillary on inner half ray. 
Arms flare with first secundibrachial, 8 arms per ray 
where free. Interprimibrachial series 1-2-2-3 or 4-teg- 
men plates. Tegmen plates small, numerous, tumid or 


with coarse central node. Anal tube excentric, extend- 
ing above tegmen summit unknown distance. Proximal 
columnals round in transverse section, 5.2 mm diam- 
eter, heteromorphic, noditaxis NI minimal. Columnals 
with roundly convex latus, subpentagonal lumen, sym- 
plectial articulation. Axial canal pentalobate. Distal 
arms and stem not preserved. 

Remarks.—The calyx ornament and number of arms 
at the thecal rim distinguishes Actinocrinites bechar- 
ensis N. Sp. (SIX arms per ray at tegmen ring) from A. 
combinatus n. sp. (much coarser cup ornament and 
eight arms per ray at tegmen ring). Both A. bechar- 
ensis and A. combinatus may have evolved from a 
form similar to A. subpulchellus Miller and Gurley 
(1896), an Osagean form from the Burlington Lime- 
stone of lowa. The ornamentation is similar to that of 
A. becharensis n. sp., but the calyx of A. subpulchellus 
has the elongate appearance of most late Tournaisian 
and Viséan actinocrinitids. 

Material.—Holotype, RGM 361 177 from the Ain 
Mezerelt Member, El Guelmouna Formation, Missis- 
sippian (early Serpukhovian, El), at Moutzeb Reouten; 
Pareyn collection. 

Etymology.—From the Latin combino referring to 
the combination of morphologic characters which dis- 
tinguish the species. 


Genus AACOCRINUS Bowsher, 1955 


Aacocrinus algeriaensis, new species 
Plate 4, figures 1—5 


Diagnosis.—Distinguished by the combinaion of a 
medium bowl-shaped calyx, four arms per ray at thecal 
rim, reduced fixed interbrachials, and longer tegmen. 

Description.—Calyx medium bowl-shaped, wider 
than high to nearly equidimensional, pentalobate in 
oral view, walls convex, brachial lobes sharply ex- 
tended in lateral view, flaring out on axillary secun- 
dibrachials, widely flared with tertibrachials, 4 arms 
per ray at thecal rim. Stellate ornamentation aligned 
along rays with secondary ridges to center of interbra- 
chials, on all cup plates, extending minimally to prox- 
imal tertibrachial. Tegmen inflated, plates bulbous. 
Basals 3, equal in size, sutures nearly ankylosed, form 
gently upflared base, truncated by circular stem im- 
pression. Radials 5, hexagonal, wider than long, mod- 
erately convex transversely and longitudinally, largest 
plates in calyx. First primibrachial wider than long, 
quadrangular, rounded sides, moderately convex trans- 
versely and longitudinally. Primibrachial 2 axillary, 
pentagonal, wider than long, moderately convex trans- 
versely, gently convex becoming moderately concave 
longitudinally. Secundibrachial axillary, heptagonal, 
wider than long, fixed in brachial lobe, widely out- 
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Table 6—Measurements in mm for Aacocrinus algeriaensis n. sp.: 


Type 
Holotype Paratype | Paratype 2 
Spec. no. (RGM) 
361 178 361 169 361 180 
Calyx height (less anal tube) ib 7/g2) 15.7 16.2 
Calyx width 21.8 NO 20.1 
Basal circlet diameter 7s) 5 a 
Basal length 4.6 2 35 
Basal width 5.4 4 (est.) 4.9 (est.) 
Radial length 5.8 4.2 39 
Radial width 7.2 Si 6.7 
Primibrachial | length See. 2.9 pi) 
Primibrachial | width 4.9 4.5 4.6 
Primibrachial 2 length 24 2.6 2.8 
Primibrachial 2 width 5.1 5.2 5.2 
Secundibrachial length 2.9 2.4 3 
Secundibrachial width 3:2 3 3.6 
Primanal length 6 4.1 5 
Primanal width 5:2 55) 4.5 
Interbrachial length 6.2 5 4.3 
Interbrachial width 5.3 4.5 4.3 
9) 


Stem impression diameter 


flared, convex transversely, concave longitudinally. 
Outer tertibrachial 1 nearly equidimensional, larger 
than wider than long inner tertibrachial 1, both fixed 
in brachial lobe, outflared widely; 4 arms per ray at 
thecal rim. Primanal narrower and in line with radials, 
slightly longer than wide. Anitaxis series |-2-3-2, 
plates longer than wide, decrease in longitudinal con- 
vexity distally, third series in line with arm lobes. In- 
terbrachial series 1—2, with interbrachial 2 in line with 
arm lobes; interbrachial | large, longer than wide, oc- 
tagonal, widest at apices with primibrachials | and 2, 
moderately convex transversely and longitudinally. 
Tegmen strongly arched, plates numerous, 50 to 60, 
size small to medium, moderate to pronounced central 
bulbous elevation on each plate. Anal opening pro- 
truded, surrounded by 7 to 9 small bulbous plates bear- 
ing facets for higher circlet of plates forming short anal 
tube. Measurements given in Table 6. 

Remarks.—There is variation in the relative length 
of the theca to the tegmen, amount of tegmen arching, 
and number and arrangement of tegmen plates among 
the five specimens of Aacocrinus algeriaensis n. sp. 
Preservation of all specimens is only moderate as 
weathering processes have etched the surface destroy- 
ing much of the ornamentation and stem facets. Spec- 
imens show numerous fractures following rhombohe- 
dral cleavage planes. 

Aacocrinus algeriaensis belongs to the lineage of 
Aacocrinus that has four arms per ray at the thecal 
rim, such as A. chouteauensis (S.A. Miller, 1891b) or 
A. tetradactylus Brower, 1967. It is an advanced form 


of the genus showing reduction of the number of in- 
terbrachial plates in the theca, from five to three, and 
a relatively shorter calyx and longer tegmen. 

This is the youngest known occurrence of Aacocri- 
nus. It is the first report of the genus from Northern 
Africa. The genus attained its acme during the Kin- 
derhookian of North America. It has also been report- 
ed from the Tournaisian or Viséan of Australia (Web- 
ster and Jell, 1999a) and the Osagean of North Amer- 
ica (Brower, 1967; Webster and Lane, 1987). 

Material.—Five specimens: Holotype, RGM 361 
178, and paratypes 1-4, RGM 361 179—RGM 361 182 
from the upper part of the Hassi Kerma Formation, 
Pennsylvanian (middle Bashkirian), at Oglat Hamia; 
Legrand-Blain collection. 

Etymology.—Named for Algeria. 


Aacocrinus algeriaensis? 


Remarks.—Two globose internal molds show the 
outlines for the same plate arrangement of the theca 
as described for Aacocrinus algeriaensis except the an- 
itaxis is 1-2-4-2. This is probably intraspecific varia- 
tion. The molds show the four ambulacral tracks merg- 
ing into two immediately inside the tegmen then con- 
tinuing along the roof of the tegmen merging toward 
the mouth at a central junction next to the anus. The 
anus would have protruded above the mouth, probably 
as a short anal tube or projection on the tegmen. Un- 
fortunately the number and arrangement of tegmen 
plates are unknown. Because of this, plus the lack of 
all calyx plates to determine ornamentation, the spec- 
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Table 7.—Measurements in mm for Sampsonocrinus cheguigaensis n. sp. 


Type 
Holotype Paratype | Paratype 2 
Spec. no. (RGM) 

361 185 361 186 361 187 
Thecal length 15.5 14.4 12.6 
Thecal width 23.6 21.2 17.8 
Calyx length 9.0 8.1 8.8 
Calyx width 17.0 14.2 13°3 
Diameter basal circlet 5.0 5.2 4.4 
Radial length 3.4 4.1 3.4 
Radial width 5.7 BE) 4.5 
First primibrachial length Dali 21 1.9 
First primibrachial width 5.1 4.6 3:3 
Second primibrachial length 2.2 2.0 L.5 
Second primibrachial width 3.6 3.5 23) 
Primanal length 4.6 4 3.4 
Primanal width 4.1 3:9 aul 
Diameter stem impression 3.3 2.0 Dil 


imens are questionably referred to Aacocrinus alger- 
iaensis. 

Material.—Two specimens, RGM 361 183 and 
RGM 361 184, from the upper part of the Hassi Kerma 
Formation, Pennsylvanian (middle Bashkirian), at 
Djebel Béchar; Legrand-Blain collection. 


Genus SAMPSONOCRINUS Miller and Gurley, 
1895 


Sampsonocrinus cheguigaensis, new species 
Plate 5, figures 1-19; Plate 6, figures 1-15 

Diagnosis.—Distinguished by flaring with axillary 
secundibrachial and tegmen formed of many small no- 
dose plates. 

Description.—Theca small, globose, arms strongly 
grouped, protruded, pentalobate in oral view. Cup 
bowl-shaped, wider than long, sharp multiple ridge 
stellate ornament of ray ridges, circular rings around 
radial circlet and primibrachial circlet extending across 
interprimibrachials, and diagonal ridges from radials 
across interprimibrachials and anals. Basal circlet flat 
proximally, distal tips upflared, visible in side view; 
formed of 3 subequal plates, with thickened ridge sur- 
rounding stem facet. Radials 5, wider than long, out- 
flared at 45°, gently convex longitudinally and trans- 
versely; A, C, and D pentagonal with | suture with 
basal plate; B and E hexagonal with 2 sutures with 2 
basal plates. Primanal longer than wide, gently convex 
longitudinally and transversely; anitaxis 1-2—3 to 5 (4 
most common)-tegmen plates. First primibrachial wid- 
er than long, quadrangular to hexagonal depending on 
contacts with interprimibrachials laterally, rarely axil- 
lary. Axillary second primibrachial wider than long, 
pentagonal to heptagonal depending on contacts with 


interprimibrachials on distal shoulders and contact 
with intersecundibrachial. Axillary secundibrachials 
wider than long, normally hexagonal adjoining one in- 
terprimibrachial on both sides, rarely pentagonal not 
adjoining an interprimibrachial on one side, outflaring. 
Interprimibrachial series |!—2-variable number of teg- 
men plates; first interprimibrachial large, approximate- 
ly equidimensional, hexagonal. Intertertibrachial elon- 
gate, slender, adjoining 2 tegmen ambulacrals distally. 
Tegmen moderately arched, plates very tumid, tumid- 
ity increasing distally; ambulacrals small, numerous at 
ambulacral opening, increase in size distally; inter- 
ambulacrals with single large plate in line of thecal 
rim followed by 3 smaller and then 2 to 4 larger plates 
distally. Vertically directed anal opening excentric, 
surrounded by 6 or 7 very tumid to nodose plates. 
Stem impression circular; facet with wide crenularium, 
narrow areola, wide pentalobate axial canal. Measure- 
ments given in Table 7. 

Remarks.—Variation is noted among the 74 speci- 
mens of Sampsonocrinus cheguigaensis n. sp. in the 
amount of inflation of the tegmen from less than half 
to more than half the thecal length. A predominance 
of quadrangular and pentagonal primibrachials occurs 
in the higher cups, whereas hexagonal primibrachials 
predominate in lower cups as is normal for other spe- 
cies of Sampsonocrinus. Cups of S. cheguigaensis are 
rarely composed of primibrachial plates all of one 
shape. Quadrangular and hexagonal plates do not oc- 
cur in the same cup. Cup length is controlled primarily 
by the relative lengths of the first interprimibrachial 
and first primibrachial plates. Another morphologic 
feature that may control cup length in some of the 
actinocrinoids is the position of flaring of the arms, 
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which is consistently at the axillary secundibrachials 
on S. cheguigaensis. In older species of the genus the 
fixed arms in the cup begin to flare with the axillary 
primibrachial. The numerous small plates of the teg- 
men also distinguish S. cheguigaensis from other spe- 
cies. 

The axillary first primibrachial occurs in the A ray 
on specimen RGM 361 196, the B ray on specimen 
RGM 361 197, and the C ray on specimen RGM 361 
193. Because these are collections and not populations 
it is uncertain if these are abnormal specimens or if 
they reflect genetic variability within the species. 

The number of free arms at the tegmen ring varies 
from four to six. Specimens from Foum ech Cheguiga 
and Teniet Aissa ben Azzi consistently have six arms, 
whereas specimens from Chebket Mennouna are var- 
iable. It is uncertain if the variation is the result of loss 
by weathering, growth stage, or actual number of free 
arms at the tegmen ring. Where six arms are present, 
the fifth and sixth arms are developed along the outer 
half of each half ray and first appear as small impres- 
sions of the ambulacral tract in the plates along the 
sides of the brachial plates. These subordinate ambu- 
lacral tracts appear to join the main ambulacral tracts 
above the impression within the axillary brachial. 

The 48 specimens from north of Chebket Mennouna 
are not as well preserved as those from Foum ech Che- 
guiga or Teniet Aissa ben Azzi. Stellate ray ornament 
on the Foum ech Cheguiga and Teniet Aissa ben Azzi 
specimens is obvious, whereas that on the Chebket 
Mennouna is vague on a few, and obliterated on most, 
specimens. This is interpreted as a taphonomic differ- 
ence among the three collections. The best preserva- 
tion of the ornament on the Chebket Mennouna spec- 
imens is commonly in relatively sheltered areas around 
the flared brachials, but variation is noted on the de- 
gree of sharpness of the ornament among the speci- 
mens. Based on this, the Chebket Mennouna speci- 
mens apparently remained at the sediment-water inter- 
face for a greater length of time than those from Foum 
ech Cheguiga or Teniet Aissa ben Azzi. 

This is the first report of Sampsonocrinus from the 
late Bashkirian and the first known from northern Af- 
rica. The genus previously was reported from the Kin- 
derhookian and Osagean of North America, late Tour- 
naisian of England, late Tournaisian and early Viséan 
of Ireland, and ?Viséan of Australia. The European 
species have been assigned to a new genus Thinocri- 
nus by Ausich and Sevastopulo (2001). 

Material.—Seventy four specimens, all from the 
Oued el Hamar Formation, Pennsylvanian (late Bash- 
kirian) in age; Pareyn collection. Holotype, RGM 361 
185, Paratypes 1-7, RGM 361 186—RGM 361 192, 
mentioned specimen RGM 361 193, and two lots 


(RGM 361 194, 2 specimens; RGM 361 195, 8 spec- 
imens) from Foum ech Cheguiga. Two mentioned 
specimens (RGM 361 196, RGM 361 197), three listed 
specimens (RGM 361 198-RGM 361 200), one fig- 
ured specimen (RGM 361 201), plus 42 specimens (lot 
RGM 361 202) are all from north of Chebket Men- 
nouna. Two specimens (lot RGM 361 203) are from 
south of Teniet Aissa ben Azzi. Five specimens (RGM 
361 204) are probably from Foum ech Cheguiga. 
Etymology.—tThe species name refers to Foum ech 
Cheguiga where the type specimens were found. 


Genus BLAIROCRINUS S.A. Miller, 1891a 


Remarks.—Blairocrinus is known from North 
America, represented by a Kinderhookian species (B. 
trijugis S.A. Miller, 1891a) and an undesignated Osa- 
gean specimen (B. sp. Lane and Dubar, 1983) and from 
Japan by a Desmoinesian specimen questionably re- 
ferred to the genus (B.? sp. Hashimoto, 2001). Lane 
et al. (1997) reported the genus Blairocrinus from Late 
Devonian (Famennian) rocks in northwestern China. 
Waters et al. (2003) reexamined this material and not- 
ed that the first primibrachials were either pentagonal 
or hexagonal. In both cases, however, the primibra- 
chials appeared quadrangular because the pentagonal 
or hexagonal shape was created by very small trun- 
cations of the distal corners for contact with interbra- 
chial plates. Consequently, Waters et al. (2003) placed 
the specimen in Actinocrinites. This is the first report 
of the genus from the Early Pennsylvanian. 


Blairocrinus grafensis, new species 
Plate 4, figures 13-15 


Diagnosis.—Distinguished by a much wider calyx 
and tumid rather than nodose or spinose tegmen plates. 

Description.—Theca ovoid, much wider (31.4 mm) 
than long (19.7 mm), tegmen arched as much above 
thecal rim as medium bowl-shaped calyx length below 
rim, pentalobate in oral view. Basal circlet flat, 6.5 mm 
diameter, formed of 3 subequal plates, not visible in 
lateral view. Radials 5, wider (7.8 mm) than long (5.5 
mm), hexagonal where in contact with | basal or hep- 
tagonal where in contact with 2 basals, widely out- 
flared, barely visible in lateral view. Primanal hexag- 
onal, length 5.9 mm, width 5.1 mm, in line of radials; 
anitaxis 1-2-3-tegmen plates. Primibrachials 2; first 
primibrachial quadrangular, wider (6 mm) than long 
(4.5 mm); second primibrachial axillary, wider (6.9 
mm) than long (3.5 mm), hexagonal where in contact 
with 2 interprimibrachials or heptagonal where in con- 
tact with 3 interprimibrachials. Secundibrachial axil- 
lary, wider than long, normally pentagonal, hexagonal 
if in contact with 3 interbrachials. First tertibrachial on 
outer half of half ray axillary; second tertibrachial on 
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inner half of half ray nonaxillary. Arms free above 
second tertibrachial, 8 arms per ray at tegmen ring. 
Interprimibrachial series |—2-tegmen. Intersecundibra- 
chial slender, elongate. Tegmen plates tumid; ambu- 
lacral plates very small and numerous above ambula- 
cral openings increasing to medium size distally; in- 
terambulacral plates very small above interprimibra- 
chials increasing to medium size distally; excentric 
anal opening on anal tube of indeterminate length at 
tegmen summit. Axial canal pentalobate. Stem and 
distal arms unknown. 

Remarks.—The calyx of Blairocrinus grafensis n. 
sp. is inflated in the C ray, and the tegmen 1s inflated 
in the posterior, giving the specimen an asymmetrical, 
unbalanced appearance. Solution weathering has de- 
stroyed plate ornament except along the thecal rim. 
Ambulacral openings of the eight arms at the tegmen 
ring are preserved only on the D ray. In lateral view 
the ambulacral openings appear to alternate in size 
(small-intermediate-small-large) from the outer to in- 
ner part of the half ray (Plate 4, figure 13). Branching 


occurs along both sides of the outer arms of each half 


ray above the secundibrachials. It is unknown if the 
largest ambulacral opening on the inner arm of the 
tertibrachials and the intermediate-sized ambulacral 
opening on the outer part of the same half ray repre- 
sent the coalesced ambulacral tracts of one or more 
distal branchings within the free arms leading to these 
Openings or if they simply are larger than the other 
arms of that half ray at the tegmen ring. It is also 
unknown if the size of the openings corresponds to the 
relative number of distal branchings. The calyx is 
much wider, and the tegmen is not nodose or spinose 
and much shorter in B. grafensis than that of the only 
other species B. trijugis Miller, 1891la, from the Mis- 
sissippian (Osagean) of North America. 

Material.—Holotype RGM 361 205 from the upper 
part of the Hassi Kerma Formation, Pennsylvanian 
(Bashkirian, R; Pareyn, 1961), from south of Teniet 
Oum el Graf; Pareyn collection. 

Etymology.—The species name refers to Teniet 
Oum el Graf where the specimen was found. 


Genus PIMLICOCRINUS Wright, 1943 


Pimlicocrinus octobrachiatus, new species 
Plate 7, figures I-11 


Diagnosis.—Distinguished by eight arms where free 
and coarse nodes on distal tegmen plates. 

Description.—Theca medium size, pear-shaped in 
lateral view, pentalobate in basal or oral view with 
strongly grouped arms projecting horizontally; tegmen 
highly inflated with central anal opening on anal tube 
of unknown length at summit. Calyx discoid to shal- 


low, wide bowl shape, all plates strongly inflated with 
stellate ornament with apical pits. Basal circlet tripar- 
tite, 3 subequal plates, proximally bearing circular 
stem facet, horizontal to slightly upflared distally. Ra- 
dials 5, pentagonal (A, D, C) or hexagonal (B, E), 
wider than long, subhorizontal to weakly upflared, D 
radial more equidimensional. Primanal hexagonal, ap- 
proximately equidimensional, in radial circlet; anal se- 
ries 1-2-5-tegmen plates. Primibrachials 2; first pri- 
mibrachial wider than long, rectangular, pentagonal, or 
hexagonal, may be in contact on distal shoulders with 
1 or 2 interprimibrachial plates; second primibrachial 
wider than long, axillary, pentagonal, hexagonal, or 
heptagonal, laterally in contact with | or 2 interpri- 
mibrachials. Tertibrachials | per ray, axillary, wider 
than long, normally pentagonal, hexagonal if interter- 
tibrachial present. First quartibrachial nonaxillary in 
inner half of ray, axillary in outer half of ray. Second 
quartibrachial axillary in inner half of ray. Arms 8 per 
ray, projecting horizontally to slightly downflaring, 
free above branchings on second quartibrachial. Inter- 
primibrachial plates large, series 1—2-tegmen. Single 
intertertibrachial not common, very small. Tegmen ta- 
pers distally; plates increase in size distally, very tumid 
or with very coarse nodes on all distal plates. Ambu- 
lacral plates above ambulacral openings small, increas- 
ing in size distally; ambulacral plates smaller than in- 
terambulacral plates proximally, forming rounded cov- 
ering above arm bases. Tegmen summit capped by 6 
or 7 larger plates followed by smaller plates forming 
anal tube. Proximal columnal circular in transverse 
section, narrow crenularium and areola, wide lumen 
round, rounded latus. Free arms and distal stem un- 
known. Measurements given in Table 8. 

Remarks.—Pimlicocrinus octobrachiatus n. sp. dit- 
fers from the three English species (Wright, 1955) and 
the three Chinese species (Chen and Yao, 1993) by 
having coarser nodes on the distal tegmen plates and 
eight arms where free. In addition, the shape of the 
theca differs from that of some of the species. The 
theca is relatively higher in P. octobrachiatus than in 
P. latus Wright, 1955. Pimlicocrinus has been reported 
from the Tournaisian of England (Wright, 1955) and 
China (Chen and Yao, 1993), Pennsylvanian (Namu- 
rian and Moscovian) of Spain (Breimer, 1962), and 
Moscovian of Morocco (fide Breimer, 1962, p. 82). 

Preservation of the specimens is good to poor. Or- 
namentation commonly has been modified or de- 
stroyed, presumably by solution and abrasion process- 
es. The tips of the fixed arms rarely are preserved be- 
yond the tertibrachials. 

Material.—Eight specimens from the Pennsylvanian 
(upper Bashkirian) Oued el Hamar Formation; Pareyn 
collection. Holotype (RGM 361 206), paratype 2 
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Table 8—Measurements in mm for Pimlicocrinus octobrachiatus n. sp. 


Type 
Holotype Paratype 1 Paratype 2 
Spec. no. (RGM) 

361 206 361 207 361 208 
Thecal length 23 Palle) 26 
Thecal width (maximum) 28.7 29.2 35.9 
Tegmen length (incomplete) 16.8 13.6 16.4 
Diameter basal circlet 6.1 Tes) 7.4 
Radial length 3-7 4.1 5.4 
Radial width 6.6 6.6 8.2 
First primibrachial length 3 3 4.2 
First primibrachial width 52D) 6 6.4 
Primanal length 4.6 4.8 5.1 
Primanal width 4.3 4.8 3) 
Diameter proximal columnal 4.1 


(RGM 361 208), paratype 4 (RGM 361 210), and 
specimen (RGM 361 211) are from the north flank of 
Chebket Mennouna. Paratypes | (RGM 361 207) and 
two specimens (lot RGM 361 212) are from southwest 
of Djebel Horreit. Paratype 3 (RGM 361 209) is from 
south of Teniet Aissa ben Azzi. 

Etymology.—Octobrachiatus, Greek, refers to eight 
arms where free. 


Pimlicocrinus sp. 
Plate 7, figures 18, 19 


Description.—Calyx medium size, 23 mm long (in- 
complete), 26.7 mm wide, pear-shaped in lateral view, 
pentalobate in basal or oral view with weakly grouped 
arms. Calyx discoid, subhorizontal, sutures deeply im- 
pressed, all plates strongly tumid. Basal circlet small, 
7.4 mm diameter, subhorizontal, with 1.7 mm circular 
invagination for stem attachment. Basals 3, subequal, 
length 3.2 mm, width 4.9 mm. Radials 5, wider (5.9 
mm) than long (2.9 mm), hexagonal, slightly elevated 
above basal circlet; D radial more equidimensional. 
Primanal in radial circlet, pentagonal, length 3.2 mm, 
width 3.6 mm; anal series 1-2-5-tegmen. Primibrachi- 
als 2; first primibrachial hexagonal, second primibra- 
chial hexagonal or heptagonal depending on number 
of interray plates in contact. First secundibrachial wid- 
er than long, nonaxillary. Second secundibrachial wid- 
er than long, normally nonaxillary, may be axillary in 
anterior half of D ray. Arms 4 per ray where free, 
minimum 20 total, project downward slightly at base 
of free arms. Tegmen highly inflated, tapering distally; 
all plates bulbous, bearing coarse nodose ornament; 
ambulacral plates elevated above intervening inter- 
ambulacral areas. Anal opening probably central at 
distal end of tegmen, not preserved. Free arms and 
stem not preserved. 


Remarks.—There are three small circular borings, 
each 2 mm diameter, of an unknown organism on the 
calyx of Pimlicocrinus sp. (Text-fig. 4; Pl. 7, fig. 19). 
One is at the junction of the D radial, primanal, and 
basal circlet and may have resulted in deformation of 
the D radial. The second boring is between the D radial 
and first primibrachial toward the anal side. A third 
boring is between the A radial and the first primibra- 
chial toward the E ray side. All borings are filled with 
matrix, and it is uncertain if they completely penetrate 
the plates or not. All are located at plate sutures, one 


Text-figure 4.—Plate diagram of lower part of calyx of Pimlico- 
crinus sp. showing location of drill holes. Central stem impression 
surrounded by tripartite basal circlet. A ray at top. Radials—A 
through E, primanal—P, drill holes—black circles. 
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a triple junction, and suggest selection of the boring 
site was made by the boring organism at points of 
weakness of the calyx. All of these sites were well 
below the anal opening and made while the crinoid 
was living. Baumiller (1990) documented gastropod 
drilling of crinoid tegmens. Although he did not spe- 
cifically note that the drilling occurred at triple junc- 
tions, it would appear that most of the drillings he 
illustrated were situated at plate junctions, mostly tri- 
ple junctions. Donovan (1991) illustrated a cup of Syn- 
bathocrinus conicus from the Mississippian of Eng- 
land with a boring site at a triple junction, which re- 
sulted in a deformation of the cup. He suggested that 
this site was located in a protected position, well ele- 
vated, and up current. We agree that the boring site 
would have been up current in an elevated position, 
but it depends upon the living orientation of the cri- 
noid as to how direct the exposure was within the cur- 
rent. 

The calyx lacks parts of A and E rays above the 
base of the arms and the distal part of the tegmen. 
Abrasion has obliterated most of the ornament on the 
cup and the tegmen. The four arms per ray distingish 
Pimlicocrinus sp. from the eight arms per ray of P. 
octobrachiatus. This is not thought to be a growth 
stage difference because comparable and smaller spec- 
imens of P. octobrachiatus have eight arms per ray. 

Material.—Figured specimen RGM 290 871 is from 
the Pennsylvanian (upper Bashkirian) Oued El Hamar 
Formation, lower member limestone above level 
ML176 at Mouizeb El Atchane, 300 m north of Beé- 
char; Winkler Prins collection. 


Actinocrinitids indeterminate 


Remarks.—Several specimens of actinocrinitids are 
similar to Sampsonocrinus, but are incomplete or so 
poorly preserved that they are unidentifiable with cer- 
tainty below the family level. They are mentioned for 
completeness of the fauna. 


Actinocrinitid indeterminate | 


Remarks.—Two unfigured weathered thecae (lot 
RGM 361 213) with nodose tegmen plates similar to 
those of Sampsonocrinus are from the Oued el Hamar 
Formation, southwest of Djebel Horreit; Pareyn col- 
lection. 


Actinocrinitid indeterminate 2 
Plate 4, figure 12 
Remarks.—One partial calyx (RGM 361 214) lack- 
ing the D ray plates and most plates of the thecal rim, 
possibly belonging to Sampsonocrinus, is from the 
Chabet Kerkour Formation (= Ain Guettara Member) 


at Iaouerta, southwest of Djebel Horreit; Pareyn col- 
lection. 


Actinocrinitid indeterminate 3 
Plate 4, figures 10, 11 


Remarks.—One abnormal partial theca, lacking the 
D ray and anal interray, has a small narrow extra plate 
in the B ray of the basal circlet, two primibrachials, 
an axillary secundibrachial, an axillary tertibrachial on 
the outer half ray, and two nonaxillary tertibrachials 
on the inner half ray. The arms flare with the axillary 
second primibrachial and are free above second terti- 
brachial or first quartibrachical. There are six arms per 
ray where free and the tegmen plates are all tumid to 
nodose. The tegmen is approximately the same length 
as the calyx. It is possibly a Sampsonocrinus. The 
specimen (RGM 361 251) is from the upper part of 
the Oued el Hamar Formation, Pennsylvanian (Bash- 
kirian), at Foum ech Cheguiga; Pareyn collection. 


Actinocrinitid indeterminate 4 
Plate 7, figures 12-17 


Remarks.—Five tegmen fragments, perhaps from 
the same specimen, consist of numerous small vari- 
able-sized bulbous to blunt-spined polygonal plates. 
The largest specimen (RGM 361 216) formed less than 
¥, of the tegmen and is formed by more than 50 plates. 
One specimen (RGM 361 220) has several very small 
elevated ambulacral plates along one edge that are the 
outflared thecal rim plates immediately above the am- 
bulacral openings of one ray. Two specimens (RGM 
361 216, RGM 361 218) lack the very small ambu- 
lacral plates, but have the converging smooth ambu- 
lacra trackways on the interior. Specimen RGM 361 
217 has three plates along one edge that bordered the 
anal opening, which would have been ventrally di- 
rected and projected as an anal tube of undetermined 
length. 

These tegmen fragments are much larger and have 
higher bulbous to spinous surfaces than those of Aa- 
cocrinus algeriaensis. The tegmen would have con- 
tained many more plates than that of A. algeriaensis. 
Features preserved in these fragments show general 
morphology common to the aacocrinids and actino- 
crinids, thus they are conservatively referred to the 
actinocrinitids. 

Material.—Five fragmentary specimens, RGM 361 
216-RGM 361 220, from the upper part of the Hassi 
Kerma Formation, Pennsylvanian (Bashkirian), at 
Djebel Béchar; Legrand-Blain collection. 


Actinocrinitid? indeterminate 5 


Remarks.—One tripartite basal circlet, 3.9 mm long, 
9.6 mm diameter, has irregular anastomosing ridge or- 


CARBONIFEROUS (VISEAN—MOSCOVIAN) ECHINODERMS: WEBSTER ET AL. 


nament surrounding the stem facet, has a pentalobate 
axial canal, and retains the proximal and part of the 
second columnal. 

Material.—Basal circlet, RGM 361 221, from the 
top of the Djenien Formation, Late Mississippian (Ser- 
pukhovian, E2), at Chebket Djihani; Pareyn collection. 


Suborder GLYPTOCRININA Moore, 1952 


Superfamily PLATYCRINITACEA Austin and 
Austin, 1842 


Family PLATYCRINITIDAE Austin and Austin, 
1842 


Genus PLATYCRINITES J. S. Miller, 1821 


Remarks.—Approximately 175 named species, 
based on cups and crowns, currently are assigned to 
Platycrinites (Webster, 2003). All Silurian and most 
Devonian species assigned to the genus were judged 
not to belong to Platycrinites but were not reassigned 
(see Lane et al., 2001). Slightly over 100 species of 
Platycrinites are of Tournaisian and early Viséan age, 
with most reported from North America (70 species) 
and Europe (23 species), followed by China (6 spe- 
cies), Australia (1 species), and Japan (1 species). 
Even though some of the North American and Euro- 
pean Tournaisian and Viséan species are probably syn- 
onyms, this time interval represents the acme of the 
genus. During this acme, Platycrinites was a cosmo- 
politan equatorial-belt taxon occurring between a max- 
imum of 40° S (Australian block) to 30° N (northern 
part of the North American block), based on paleo- 
geographic reconstructions of Scotese and McKerrow 
(1990). 

From the late Viséan through the Guadalupian only 
14 named species have been reported world wide, with 
10 of these between the Mississippian (late Viséan) 
and Pennsylvanian (late Bashkirian) from North Amer- 
ica (6 species), Scotland (2 species), Russia (1 spe- 
cies), and Morocco (1 species). Permian species are 
known from Canada (1 species), Russia (1 species), 
Australia (1 species), and Timor (1 species). A number 
of unnamed species based on cups, crowns, and col- 
umnals have been reported from this same time inter- 
val from these same areas. An excellent review of the 
columnals assigned to Platyplateium Moore and Jef- 
fords, 1968, and Platycrinites for this time interval 
was given by Bowsher and Strimple (1986). 

Species of Platycrinites from Algeria occur in five 
horizons from the basal part of the Late Mississippian 
(Serpukhovian) into Pennsylvanian (basal Bashkirian) 
strata. Thus they provide significant new information 
about the genus during a time interval when relatively 
few species are known elsewhere. The species are con- 
sidered part of an evolutionary lineage that probably 


evolved from one of the Tournaisian or Viséan taxa of 
Platycrinites with nodose ornament illustrated by 
Wright (1956), such as P. granulatus Miller, 1821, and 
P. striatus Miller, 1821, from Tournaisian strata of Ire- 
land, or from one of the numerous spinose or nodose 
species illustrated by Wachsmuth and Springer (1897), 
such as P. hemisphericus (Meek and Worthen, 1865), 
P. nodostriatus (Wachsmuth and Springer, 1897), P. 
pocilliformis (Hall, 1858), P. spinifer (Wachsmuth and 
Springer, 1897), P. spinifer elongatus (Washsmuth and 
Springer, 1897), and P. verrucosus (White, 1865), 
among others, from North America. 

Nodes, anastomosing coalesced nodes, and ridge or- 
nament on the cups of Carboniferous species of Pla- 
tycrinites Show an extreme range of development, in- 
cluding a few aligned nodes (P. parvinodus (Hall, 
1861)), many aligned nodes (P. pocilliformis (Hall, 
1858)), many aligned granules (P. ornogranulus 
(McChesney, 1860)), aligned very coarse nodes to 
blunt spines (P. verrucosus (White, 1865)), aligned to 
anastomosing coalesced nodes (P. saffordi (Hall, 
1858)), parallel ridges (P. regalis (Hall, 1861)), and 
more. Several patterns within this wide range of or- 
nament development are obvious with only a cursory 
scanning of the specimens. Multiple types of patterns 
may occur on a single specimen. These patterns in- 
clude a variety of types at specific locations on the cup 
that we interpret to represent morphologic develop- 
ment by the crinoid to thwart platyceratid gastropods 
or other unwanted organisms from crawling up the 
stem and across the cup before reaching the base of 
the arms or the tegmen. Each type is described here, 
followed by an interpretation for its position. 

1. Aligned nodes to ridges around stem attachment: 
obstruct or discourage organisms from crawling onto 
the cup. 

2. Aligned nodes to ridges radially across the basal 
circlet from the stem facet to distal edge in interray 
position: obstruct or discourage organisms from crawl- 
ing along the interray onto the radials and then onto 
the tegmen. 

3. Aligned nodes to ridges radially across the basal 
circlet from the stem facet to distal edge in line of ray 
axes: obstruct organisms from crawling along the ray 
axes onto the radials and then to the base of the arms. 

4. Aligned nodes, ridge, or parallel rows of ridges 
between stem facet and distal edge or along distal edge 
of basal circlet: obstruct organisms from crawling onto 
the radials and thence onto the tegmen or reaching the 
base of the arms. 

5. Aligned nodes to ridges radially along the lateral 
edges of the radial: obstruct organisms from crawling 
across the radial to reach the tegmen. 

6. Aligned nodes to ridges radially along the axes 


ee) 
to 


of the radial from the proximal edge to the base of the 
arms: obstruct organisms from crawling across the ra- 
dial to reach the base of the arms. 

7. Aligned nodes, ridge, or parallel rows of ridges 
along proximal edge to base of arms: obstruct organ- 
isms from crawling across the radial to reach the base 
of the arms. 

8. Aligned nodes or ridge forming inverted V from 
base of radial facet to proximal apices of radials: ob- 
struct organisms from crawling onto the radials and 
thence onto the tegmen or reaching the base of the 
arms. This ornament may continue onto the basal cir- 
clet. 

9. Aligned nodes or ridge along proximal side of 
radial facet: obstruct organisms from obtaining access 
to tissue of base of arm. 

10. Aligned nodes or ridge along distal edge of ra- 
dials lateral of facet: obstruct organisms crawling 
across radial onto tegmen. 

11. Radially aligned nodes or ridge on first inter- 
ambulacral: obstruct organisms crawling across plate 
onto tegmen. 

Nodes or short spines on tegmen plates and the de- 
velopment of anal tubes also are interpreted as obstruc- 
tions to organisms trying to crawl across and settling 
on the tegmen. Development of spines on columnals 
would have been an additional deterent to organisms 
crawling along or attaching to the stem. Similar node 
and ridge ornament is found in some of the other gen- 
era of the platycrinitids, such as Eucladocrinus and 
Plemnocrinus, and probably served the same purposes. 
The development of nodose plates and stellate ridge 
ornament among some genera of the glyptocrinids, 
melocrinitids, rhodocrinitids, coelocrinids, acrocrinids, 
batocrinids, and actinocrinitids is considered to have 
served the same purposes as was node development. 
Genera within each of these taxonomic groups with 
platyceratids still attached to the calyx have been re- 
ported by several authors (Keyes, 1888: Clarke, 1921; 
Bowsher, 1955a; Yakovlev, 1956, among others). In 
the Viséan as most of the camerates declined, the pla- 
tyceratids adapted to living on the cromyocrinids, and 
continued to do so into the Permian. In the Late Car- 
boniferous the cromycrinids developed nodose orna- 
ment similar to that of the more nodose platycrinitids. 


Platycrinites reouienensis, new species 
Plate 8, figures 1—8 


Diagnosis.—Distinguished from non-Algerian Mis- 
sissippian and Permian species by the combination of 
the globose theca, tegmen moderately arched, cup 
bowl-shaped, basal circlet shallow bowl, walls sub- 
vertical, radial facets elongate horseshoe-shaped on ra- 
dial platform, single axillary primibrachial, and anal 
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opening projecting obliquely. Distinguished from other 
Algerian species by the coarse nodose ornament form- 
ing an inverted-V pattern from radial facet to basal- 
radial apices, aligned along lateral sides of radials, and 
a few irregular nodes along the proximal part of the 
radials. 

Description.—Theca globose, medium size, length 
13.6 mm (crushed inward and laterally), width 16 mm 
(average). Cup bowl-shaped, length 10.9 mm, width 
16 mm (average), walls subvertical, sutures slightly 
impressed. Basal circlet shallow bowl, 10.5 mm di- 
ameter, formed of 3 plates, 2 larger of equal size, 
smaller in EA interray; proximal tips downflared be- 
low stem facet in shallow impression or basal concav- 
ity, distally upflared forming 3.5 mm of cup length; 
with coarse nodes aligned along interrays and less 
aligned along distal sides of plates. Radials 5, 8.3 mm 
long, 8.6 mm wide, widest at distal end of interradial 
sutures, moderately convex longitudinally and trans- 
versely; ornamented with coarse nodes forming in- 
verted V from radial facet to basal-radial apices, 
aligned along lateral sides of radials, and a few irreg- 
ular nodes along the proximal part of radials. Radial 
facet angustary, narrow, elongate, horseshoe-shaped, 
on slight radial platform, subvertical to slightly upward 
projecting. Single primibrachial axillary, overlapped 
laterally by first secundibrachials. Arms unknown, 
minimum 2 per ray. Tegmen crushed, proximal plates 
bulbous, distal plates with very coarse nodes; ambu- 
lacral plates small adjacent to ambulacral openings, 
distally become larger; interambulacrals with single 
large plate followed by 3 smaller plates and medium 
to larger plates distally. Anal opening separated from 
radials minimally by single row of small plates, may 
have had short anal tube. Opening projecting obliquely 
well below radial summit. Stem facet circular, 2 mm 
diameter, concave. Axial canal weathered, probably 
pentalobate. 

Remarks.—The tegmen is crushed, with plates of 
the anterior side doubled against one another and pro- 


jected over the AB interray on the holotype (RGM 361 


222) of Platycrinites reouienensis n. sp. Before crush- 
ing, the tegmen would have been moderately arched, 
approximately half the height of the cup. The cup is 
only slightly distorted with the A radial extended out- 
ward. C- and D-ray primibrachials are weathered, and 
only two are preserved. Small facets on the outer edg- 
es of the radial facets are for the outer parts of first 
secundibrachials. A small holdfast is attached to the 
posterior side of the radial facet of the E radial. The 
paratype (RGM 361 223) is uncrushed and shows the 
large tegmen plates of the moderately inflated tegmen 
but lacks the plates around the anal opening. Although 
the specimen is abraded and the nodes on the radials 
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are greatly subdued, it still shows the same pattern as 
that of the holotype. 

Arrangement of the nodose ornamentation of Pla- 
tycrinites reouienensis is similar to, but specimens lack 
the keels present on, P. faberi (Miller, 1889), a Late 
Mississippian (Meramecian or Chesterian) form from 
North America. The disarticulated cup plates identified 
as P. spinifer elongatus Wachsmuth and Springer, 
1897, by Termier and Termier (1950) from the Viséan 
of Morroco may have been the progenitor of the youn- 
ger Algerian species of Platycrinites described herein. 
The Moroccan specimens are not considered conspe- 
cific because they have less spinose tegmen plates, fin- 
er nodes, and a longer basal circlet than the holotype 
figured by Wachsmuth and Springer (1897, pl. 67, fig. 
7). The Morocco specimens have a longer (i.e., more 
highly arched) tegmen than the Algerian specimens. 

Material.—Two specimens: Holotype, RGM 361 
222, (CP52.27b) from the Ain Mezerelt Member, El 
Guelmouna Formation, Mississippian (Serpukhovian, 
early El), at Moizeb Reouten; Pareyn collection. Para- 
type. RGM 361 223, from the Ain Mezerelt Member, 
El Guelmouna Formation, Mississippian (Serpukhov- 
ian, early El), at El Aouidja; Legrand-Blain collection. 

Etymology.—Named for the locality where the spec- 
imen was found, Moizeb Reouien. 


Platycrinites aouidjaensis, new species 
Plate 8, figures 20, 21 


?Platycrinus spinifer elongatus (Wachsmuth and Springer, 1897). 
Termier and Termier, 1950, p. 86, pl. 226, figs. 36—37. 


Diagnosis.—Distinguished from non-Algerian Mis- 
sissippian and Permian species by the combination of 
the globose theca, tegmen flat, cup bowl-shaped, su- 
tures flush, basal circlet medium bowl, walls subvert- 
ical, radial facets elongate horseshoe-shaped on radial 
platform, single axillary primibrachial, and anal open- 
ing projecting subvertical. Distinguished from other 
Algerian species by the combination of the irregularly 
spaced coarse nodose ornament, which may form a 
poorly developed inverted-V pattern from radial facet 
to basal-radial apices, a ring of nodes surrrounding the 
stem facet, and a flat tegmen. 

Description.—Theca globose, large, length 22.2 mm 
(distal apex not exposed), width 24.6 mm, pentagonal 
in basal view. Cup medium bowl-shaped, length 17.7 
mm, width 24.6 mm, base truncated for stem attach- 
ment, distal half of walls subvertical, sutures flush. 
Basal circlet medium bowl, 16.9 mm diameter, 7.6 mm 
length, plates fused, proximal tips subhorizontal for 
stem attachment, distally upflared at approximately 
45°; with coarse nodes aligned along midline of inter- 
rays, ringed around stem facet, and some irregular. Ra- 
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dials 5, 6.5 mm long, 8.2 mm wide, widest at distal 
end of interradial sutures, moderately convex longi- 
tudinally and transversely; ornamented with coarse 
nodes irregularly spaced to forming poorly developed 
inverted Vs radiating from the radial facets to the basal 
radial apices. Radial facet angustary, narrow, elongate, 
horseshoe-shaped, on slight radial platform, subverti- 
cal to slightly upward projecting, laterally bear small 
facets for ends of first secundibrachials. Arms un- 
known, minimum 4 per ray. Tegmen flat, one-fourth 
length of cup, plates large with coarse nodes; ambu- 
lacral plates small adjacent to ambulacral openings, 
distally larger; interambulacrals with single large plate 
followed by 3 smaller (but large) node-bearing plates 
distally. Inflated anal area affecting subjacent radials, 
visible in basal view as obvious bulge in CD interray. 
Anal opening separated from radials minimally by sin- 
gle row of small plates, on anal tube of indeterminate 
length; opening projecting subvertical below radial 
summit near rim of tegmen. Stem facet circular, 4.8 
mm diameter, concave areola. 

Remarks.—The holotype (RGM 361 224) of Pla- 
tycrinites aouidjaensis n. sp. is well preserved, with 
matrix covering most of the tegmen. The paratype 
(RGM 361 225), similarly preserved, has lost the basal 
circlet and proximal parts of some radials but shows 
the anal opening. A single radial (RGM 361 226) as- 
signed to P. aouidjaensis shows the proximal ends of 
four ambulacral grooves on the interior and retains the 
triangular-shaped axillary primibrachial and axillary 
single secundibrachials. The facets for the tertibrachi- 
als on the outer half of the ray are much smaller than 
those for the tertibrachials on the inner half of the ray, 
perhaps implying that the inner ones branch again. If 
so, there would be six arms per ray. 

Platycrinites aouidjaensis is distinguished from P. 
reouienensis by the flat rather than moderately arched 
tegmen, medium rather than shallow bowl-shaped bas- 
al circlet, poorly developed inverted-V nodes rather 
than aligned nodes on the radials, presence of a ring 
of nodes around the stem facet, and flush sutures. 

Material.—Three specimens. The holotype (RGM 
361 224, measured specimen) is from the Mouizeb el 
Atchane Member, Ain el Mizab Formation, Mississip- 
pian (Serpukhovian, E2), from Teniet el Aouidja. The 
paratype (RGM 361 225) was found between the Djen- 
ien and E] Guelmouna formations, probably from the 
Mouizeb el Atchane Member of the Ain el Mizab For- 
mation, Mississippian (Serpukhovian, E2), from Teniet 
el Aouidja. A partial radial (RGM 361 226) is from 
the Mouizeb el Atchane Member of the Ain el Mizab 
Formation, Mississippian (Serpukhovian, E2), from 
the ravine at Djenien. All Pareyn collection. 
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Etymology.—Named for the locality where the spec- 
imens were found, Teniet el Aouidja. 


Platycrinites djihaniensis, new species 
Plate 8, figures 14-19 


Diagnosis.—Distinguished from non-Algerian Mis- 
sissippian and Permian species by the combination of 
the globose calyx, tegmen low flat, cup bowl-shaped, 
basal circlet shallow bowl, walls subvertical, radial 
facets elongate horseshoe-shaped on radial platform, 
single axillary primibrachial, and anal opening pro- 
jecting obliquely. Distinguished from other Algerian 
species by the combination of coarse nodose ornament 
forming inverted V from radial facet to basal-radial 
apices, aligned nodes along lateral sides of radials, 
nodes forming an inverted T below the radial facet 
along the ray axis, and anal opening projecting 
obliquely. 

Description.—Theca globose, small, length 14.6 
mm, width 16.3 mm, base flat, tegmen low flat, cir- 
cular in oral view. Cup bowl-shaped, length 19.4 mm, 
width 16.3 mm, walls subvertical at top, sutures slight- 
ly impressed. Basal circlet fused, shallow bowl, 11.4 
mm diameter, length 3.1 mm, with coarse nodes 
aligned along interrays, ringing stem facet and forming 
a T in central part of each ray. Radials 5, 8 mm long, 
8.8 mm wide, widest at distal end of interradial su- 
tures, moderately convex longitudinally and_ trans- 
versely; ornamented with coarse nodes forming in- 
verted V from radial facet to basal-radial apices, 
aligned along lateral sides of radials, and forming an 
inverted T below the radial facet along the ray axis. 
Radial facet angustary, narrow, elongate, horseshoe- 
shaped, upward projecting 20° above horizontal; with 
single axillary primibrachial overlapped laterally by 
first secundibrachial. Arms unknown, minimum 2 per 
ray. Tegmen low, flat topped, plates with very coarse 
nodes to short spines; ambulacral plates small adjacent 
to ambulacral openings, distally become larger; inter- 
ambulacrals with single large plate followed by 2 or 3 
smaller plates and larger plates distally. Anal opening 
separated from radials by single large interambulacral 
followed by minimum of | row of small plates, may 
have had short anal tube, with opening projecting ver- 
tically. Stem facet circular, 2.9 mm diameter, shallowly 
concave, wide crenularium and areola, pentalobate ax- 
ial canal. 

Remarks.—Platycrinites reouienensis, P. aouidjaen- 
sis, and P. djihaniensis n. sp. are closely related. Pla- 
tycrinites aouidjaensis and P. djihaniensis probably 
are derived from P. reouienensis by flattening of the 
tegmen, increased development of the nodose orna- 
ment, and slight differences in plate sizes and arrange- 
ment leading to the anal opening. The radial facets of 


P. djihaniensis are considerably more upflaring than 
those of P. reouienensis and P. aouidjaensis, whereas 
the basal circlet is relatively longer, and the pentagonal 
outline in oral view is best developed on P. aouid- 


jaensis. The nodose ornamentation of the tegmen of 


P. reouienensis, P. aouidjaensis, and P. djihaniensis 
separates them from the bulbous ornament of the teg- 
men of P. hamarensis n. sp. 

Material.—Two specimens: holotype (RGM 361 
227) and paratype (RGM 362 228) are from the top 
of the Djenien Formation, Mississippian (Serpukhov- 
ian, E2), at Chebket Djihani; Pareyn collection. 

Etymology.—Named for the locality where the spec- 
imens were found, Chebket Dyjihani. 


Platycrinites cf. P. djihaniensis 
Plate 8, figures 11-13 


Remarks.—One fused partial basal circlet, one near- 
ly complete radial, and two partial radials have the 
same basic nodose ornamentation pattern as P. djihan- 
iensis, except the nodes are much more numerous be- 
tween the interray aligned nodes forming triangles 
within triangles on the basal circlet and radials, the 
radial facets are relatively narrower with respect to the 
width of the radial, and the basal circlet is more up- 
flaring. These specimens may represent a variant of P. 
djihaniensis or a different species. Because the tegmen 
is unknown, all specimens are disarticulated, and most 
are fragmentary, they are referred to P. djihaniensis. 

Material.—Four specimens, a partial basal circlet 
(RGM 361 229), 1 nearly complete (RGM 361 230) 
and 2 partial radials (RGM 361 231, RGM 361 232), 
from the top of the Djenien Formation, Mississippian 
(Serpukhovian, E2), at Chebket Djihani; Pareyn col- 
lection. 


Platycrinites hamarensis, new species 
Plate 9, figures 15-22 


Diagnosis.—Distinguished from non-Algerian Mis- 
sissippian and Permian species by the combination of 
the globose calyx, tegmen moderately arched, cup 
bowl-shaped, basal circlet very shallow bowl, walls 
subvertical, sutures impressed, radial facets wide 
horseshoe-shaped, single axillary primibrachial, and 
anal opening projecting obliquely. Distinguished from 
other Algerian species by the combination of coarse 
irregular nodose and vermiform ornament. 

Description.—Theca globose, large, length 17.1 
mm, width 19.2 mm, tegmen moderately arched, pen- 
tagonal in oral view. Cup medium bow]l-shaped, length 
8.5 mm, width 15.8 mm, base very shallowly convex, 
walls subvertical, sutures strongly impressed, plates 
with broad coarse irregular nodose and vermiform or- 
nament. Basal circlet fused or tripartite, very shallow 
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bowl, 11.2 mm diameter, length 2.5 mm; base with 
shallow concavity, distal edges upflared, barely visible 
in side view; azygous basal in E-A interray. Radials 
5, large, 10.1 mm long, 10.4 mm wide, widest at distal 
end of interradial sutures, gently convex longitudinally 
and transversely, ornament of low broad nodes. Radial 
facet angustary, wide, horseshoe-shaped, subvertical. 
Primibrachial small, axillary, triangular in exterior out- 
line, moderately convex transversely, with low broad 
central node. First secundibrachials much wider than 
long, laterally extending beyond primibrachial to at- 
tach to radial. Second secundibrachial axillary. Mini- 
mum 4 arms per ray, free with first secundibrachial. 
Tegmen plates with very bulbous centers; ambulacral 
plates small adjacent to ambulacral openings, distally 
become larger; interambulacrals with single plate fol- 
lowed by 2 or 3 smaller plates and larger plates dis- 
tally. Anal interray has single large plate, larger than 
all other first interambulacrals, followed by 3 smaller 
plates at base of bulbous anal opening slightly above 
central tegmen summit. Anal opening projecting 
obliquely at 45°. Stem facet impressed, circular, small, 
3.4 mm diameter, moderately concave. 

Remarks.—The holotype (RGM 361 233) of Pla- 
tycrinites hamarensis n. sp. lacks a part of the A radial 
and a small part of the basal circlet but has the pro- 
truded anal area. Paratype 1 (RGM 361 234) has a 
slightly flatter tegmen with more sharply defined or- 
namentation. Paratype 2 (RGM 361 235) is weathered 
and has lost part of the anal side of the theca. Paratype 
3 (RGM 361 236) is partly embedded in matrix. A 
fifth specimen (RGM 361 237) is abraded and has a 
fragment of the basal circlet missing. 

Platycrinites hamarensis is distinguished from P. 
reouienensis, P. aouidjaensis, and P. djihaniensis by 
its impressed sutures, coarse nodose and vermiform 
ornament, bulbous tegmen plates, and obliquely pro- 
jecting bulged anal opening. 

Material.—Five specimens. Holotype (RGM 361 
233) and paratypes 1-3 (RGM 361 234—RGM 361 
236) from the Oued el Hamar Formation, Pennsylva- 
nian (late Bashkirian), north flank of Chebket Men- 
nouna; Pareyn collection. Mentioned specimen (RGM 
361 237) is from the Hassi Kerma Formation, Penn- 
sylvanian (late Bashkirian), at Oglat Hamia; Legrand- 
Blain collection. 

Etymology.—Named for the Oued el Hamar For- 
mation. 


Platycrinites sp. | 
Plate 9, figures 23, 24 


Remarks.—A single specimen is referred to Platy- 
crinites sp. 1. The specimen is of moderate size with 
a flat base, gently arched tegmen, outflaring cup walls, 
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pentagonal in oral view, and has medium-coarse no- 
dose ornament forming in three to five semi-aligned 
rows massed along the interray edges of the radials 
and single spine alignments below the radial facets. It 
is poorly preserved, and the radial facets and arm ba- 
ses are not exposed. The combination of the above 
features allows recognition as a separate form, prob- 
ably representing a new species. Lacking knowledge 
of the arms, it is left in open nomenclature and men- 
tioned for faunal completeness. 

Material.—Figured specimen (RGM 361 238) from 
the upper part of the Oued el Hamar Formation, Penn- 
sylvanian (late Bashkirian), from Foum ech Cheguiga; 
Pareyn collection. 


Platycrinites sp. 2 


Remarks.—Three partial radials are abraded or 
weathered, but still retain some nodes and aligned 
nodes or ridges. They are possibly variants of P. dji- 
haniensis, but so fragmentary they are considered in- 
determinate. 

Material.—Three partial radials (RGM 361 239), all 
from the top of the Djenien Formation, Mississippian 
(Serpukhovian, E2), at Chebket Djihani; Pareyn col- 
lection. 


Platycrinites sp. 3 


Remarks.—Platycrinitid partial radial with primibra- 
chial and first secundibrachials. 

Material.—One partial radial (RGM 362 337), from 
the upper part of the Hassi Kerma Formation, lime- 
stone below level ML171, Pennsylvanian (Bashkirian), 
at Mouizeb El Atchane, 300 m north of the south gul- 
ly, Béchar; Winkler Prins collection. 


Platycrinites sp. 4 
Plate 8, figures 22, 23; Plate 17, figures 1, 2 


Remarks.—A large tripartite basal circlet and a 
smaller fused basal circlet, both with irregular coarse- 
ridge ornament, are assigned to Platycrinites. The 
nearly circular stem facet is on a pedestal slightly be- 
low the exterior level of the circlet and is bordered by 
a round-based, narrow impressed trough. The irregular 
ornament is most prominent around the distal margin 
of the circlet. The small axial canal is pentalobate. 

Material.—Two basal circlets (RGM 361 338: 
RGM 361 339) from the upper part of the Hassi Kerma 
Formation, limestone below level ML171, Pennsyl- 
vanian (Bashkirian), at Mouizeb El Atchane, 300 m 
north of the south gully, Béchar; Winkler Prins collec- 
tion. 
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Platycrinites sp. 5 
Plate 8, figures 9, 10 


Remarks.—Two unornamented platycrinitid twist 
columnals (from segmented twist stems) with a den- 
ticulate fulcal ridge splitting into four finer ridges on 
distal ends (RGM 361 344). 

Material.—Two columnals (RGM 361 344, RGM 
361 351), from the upper part of the Hassi Kerma For- 
mation, limestone below level ML171, Pennsylvanian 
(Bashkirian), at Mouizeb El Atchane, 300 m north of 
the south gully, Béchar; Winkler Prins collection. 


Platycrinites? sp. 
Plate 9, figures 25-27 


Description.—Calyx medium size, length 20.7 mm, 
width 23.4 mm, mushroom-shaped, pentagonal in oral 
view. Cup bowl-shaped, length 9.5 mm (estimated), 
width 19.5 mm, base shallowly invaginated, walls 
nearly vertical. Basal circlet tripartite, subhorizontal, 
15.8 mm diameter, distal edges slightly upflaring, bear- 
ing circular 3.4 mm diameter stem facet. Basals 3, un- 
equal. Radials 5, considerably wider (10.4 mm) than 
long (6.5 mm estimated), projecting slightly medially 
for horseshoe-shaped subvertical angustary radial fac- 
et, proximally with extended lip for basal-radial suture, 
internally proximal edges with concave-downward 
thickening projection to attach to thick distal edges of 
basals, shoulders extend distally well above radial fac- 
et. Radial facets deep. Single axillary primibrachial tri- 
angular exteriorly. Secundibrachials deep, short, 
strongly convex transversely, gently convex longitu- 
dinally, minimum of 2 per half ray, bear V-shaped am- 
bulacral groove. First secundibrachial overlaps primi- 
brachial to contact radial facet. Arms 10, minimum, 
project subhorizontally from radials. Tegmen strongly 
inflated, projecting laterally beyond radials, formed of 
numerous medium sized bulbous plates bearing coarse 
nodose ornament. Single interambulacral plate fol- 
lowed by 3 or 4 plates in tegmen. Anal opening not 
exposed. Stem facet bears narrow crenularium along 
outer edge. 

Remarks.—The specimen is slightly distorted and 
cup plates are moderately to deeply abraded, especially 
along the basal-radial sutures. The assignment to Pla- 
tycrinites is not certain because the anal series is not 
exposed. The tegmen is similar to that of P. hamar- 
ensis. Approximately age-equivalent loose radials and 
basals bearing similar thickenings of the proximal edg- 
es of the radials and distal edges of the basals are 
known from the northwestern part of the People’s Re- 
public of China (Lane er al., 1996). 

Material.—Figured specimen (RGM 290 857), from 
the Oued Bel Groun Formation, Moscovian, Bed M1 


(Deleau, 1951), from Béchar-Djedid, immediately 
south of Béchar. Winkler Prins collection. 


Genus PLEUROCRINUS Austin and Austin, 1843 


Emended diagnosis.—A platycrinitid recognized as 
having five prominent orals, with each of the four 
smaller orals in contact with the larger central anal oral 
forming the summit of the tegmen with a variable 
small number of smaller interambulacral and ambula- 
cral plates between them and the radials, and an anal 
opening directed laterally. 

Remarks.—Genera of the Platycrinitidae commonly 
are recognized on the position or direction of the anal 
opening. An exception is Eucladocrinus Meek, 1872, 
recognized by having two main arm-bearing ramules 
in each ray. The excentric anal opening on Platycrin- 
ites is commonly on the side of the tegmen slightly 
above the radials but may occur much higher on the 
tegmen, with or without an anal tube. Pleurocrinus 
was defined on the presence of a laterally directed anal 
opening. Otherwise, it is indistinguishable from Pla- 
tycrinites, from which it was derived. The significance 
of the position of the anal opening, plate structure sur- 
rounding it, and overall plate structure of the tegmen 
with respect to the anal opening is uncertain. Perhaps 
the position of the anal opening on the edge of the 
tegmen or on an anal tube was an evolutionary or eco- 
phenotypic morphologic response to avoid being cov- 
ered by platyceratid gastropods. This suggestion is 
supported by the absence of drill holes through the 
tegmen of crinoids with platyceratids positioned above 
the anal opening and the presence of drill holes 
through the tegmen with platyceratids attached but not 
above the anal opening (Lane, 1978; Baumiller, 1990). 

All anal openings of Platycrinites and Pleurocrinus 
are excentric but the position between the radials and 
central linear axis is quite variable, sometimes show- 
ing variation within a single species. Species assigned 
to these two genera have a complete gradation from 
anal openings through the tegmen directly above the 
radials without intervening small plates, anal openings 
with small intervening plates, and openings separated 
from the radials by one or two larger plates with or 
without small intervening plates, anal openings well 
above the radials separated from the radials by a series 
of small to medium plates, to anal openings originating 
near the radials to well above the radials at the end of 
a short to lengthy anal tube. Except for one late Viséan 
species (P. grandis Wright, 1938), all other species 
currently assignable to Pleurocrinus are known from 
the Tournaisian and early Viséan of England, Ireland, 
and North America (Wright, 1956; Brower, 1970; 
among others) or the Permian of Timor (Wanner, 1916, 
1937). 
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Review of the nearly 200 species currently assigned 
to Platycrinites and Pleurocrinus is beyond the scope 
of this study. One trend that we recognize, however, 
is in the number of tegmen plates, which tends to de- 
crease throughout the late Paleozoic range of the Pla- 
tycrinitidae, with the exception of Oenochocrinus, 
which is an early member with five large orals. Until 
revision of the Platycrinitidae is made, we recommend 
that Pleurocrinus be defined as having five prominent 
orals, with each of the four smaller orals in contact 
with the larger central anal oral forming the summit 
of the tegmen with a variable small number of smaller 
interambulacral and ambulacral plates between them 
and the radials. Five large orals in the tegmen also are 
present in Neoplatycrinus Wanner, 1916, Oenochocri- 
nus Breimer, 1962, and Plemnocrinus Kirk, 1946, in 
the Platycrinitidae, as well as a number of camerate 
and cladid genera, all of which lack the intervening 
smaller plates or have a greatly reduced number of 
plates between the radials and the large orals. 

It is highly probable that the laterally directed anal 
openings evolved repeatedly within the Platycrinites 
lineage during the late Paleozoic and that species as- 
signed to Pleurocrinus are homeomorphs. This inter- 
pretation of Pleurocrinus may be supported by anal- 
ysis of the stem. Devonian and earliest Carboniferous 
species of Platycrinites have a continuous twist stem, 
which gave rise to the segmented twist stem (Webster, 
1997) in the Early Mississippian (Kinderhookian). 
Both types of stems coexisted until Late Mississippian 
(Chesterian) when the segmented twist stem prevailed. 
To our knowledge, all Pennsylvanian and Permian spe- 
cies of Platycrinites have the segmented twist stem 
and the continuous stem type is unknown even as dis- 
associated columnals. The stem of Pleurocrinus 1s un- 
known except for the proximal-most one or two col- 
umnals, which are round to slightly elliptical, probably 
becoming elliptical distally as in Platycrinites. If the 
Pennsylvanian and Permian species of Pleurocrinus 
were shown to have the segmented twist columnal, it 
would suggest that the earlier and later species are 
homeomorphs, there was convergence in the columns, 
or Pleurocrinus species are a repeated variant of Pla- 
tycrinites. 


Pleurocrinus glomerosus, new species 
Plate 9, figures 1—10 


Diagnosis.—Distinguished by having unrounded V- 
shaped ambulacral grooves, inset radial facets, coarser 
ornament, and deeply inset sutures. 

Description.—Calyx globose, small, length 12.9 
mm, width 13 mm, widest slightly above tegmen base, 
ambulacral openings near midlength, all plates very 
tumid, sutures impressed, subpentalobate in oral view. 


Cup bowl-shaped, length 8 mm, width 12.8 mm, base 
flat, walls vertical, unweathered plates show coarse 
subdued fluted ridge ornament. Basal circlet discoid, 
7.6 mm diameter, very gently upflared distally, bearing 
small (1.5 mm diameter) stem impression centrally. 
Basals 3, unequal, azygous in A-E interray, horizontal 
proximally, gently upflared distally. Radials 5, wider 
(7.2 mm) than long (5.4 mm), slightly convex longi- 
tudinally, moderately convex transversely, forming 
walls of cup. Radial facet angustary, inset slightly, 
subvertical, with deep V-shaped ambulacral groove. 
Single primibrachial axillary, small, triangular exterior, 
does not fill facet. First secundibrachials wider than 
long, extend beyond primibrachial to cover radial fac- 
et. Arms minimum 2 per ray, at least 10 in total, pro- 
ject horizontally from cup. Primanal large, length 3.5 
mm, width 4 mm, adjoined distally by 2 large plates 
on each shoulder and shares 2 very small plates with 
larger plates. Anal opening directed obliquely upward, 
surrounded by 6 large plates and an inner row of 6 
disconnected small plates, or variable number of 
smaller plates, which may form a double row as a 
rudimentary anal tube. Tegmen highly inflated with 
flattened summit, extending slightly beyond cup walls 
above ambulacral openings, with a central large pos- 
terior oral at summit surrounded by 6 large and 2 small 
(in anal interray) plates above large single interam- 
bulacral plate in each interray; ambulacral opening 
bordered by 2 small (1 mm or less) quadrangular 
plates, | to each side of arm mid-point with or without 
a central small diamond-shaped plate centrally located 
separating the oral side of the 2 ambulacral tracts join- 
ing at the base of the first secundibrachial. Stem and 
distal arms unknown. 

Remarks.—Pleurocrinus glomerosus n. sp. is more 
like Tournaisian and Viséan (Wright, 1956) than Perm- 
ian species (Wanner, 1916, 1937) assigned to the ge- 
nus, in that the basal circlet is wide and nearly discoid. 
It differs from those forms by having a shallow basal 
invagination, and it differs from all described species 
in that the ambulacral grooves are unrounded V- 
shaped, the radial facets are inset, the ornament is 
coarser, and sutures are deeply inset. 

Measurements were made on the holotype (RGM 
361 240). All specimens show some degree of abra- 
sion destroying most ornamentation. Paratype | (RGM 
361 241) shows the primibrachial in two rays and first 
secundibrachials in one ray. All of the five non-type 
specimens (lot RGM 290 875) are broken, distorted, 
or partial calices. 

Material.—Eight specimens: Holotype (RGM 361 
240), two paratypes (RGM 361 241, RGM 361 242), 
and five other specimens (RGM 290 875) from the 
Mississippian (Serpukhovian, Pendleian), marly lime- 
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stone above DZ12 of the El Guelmouna Formation at 
Djenien, east of Palmeraie de, before the pass, Béchar; 
Winkler Prins collection. 

Etymology.—Latin meaning like a ball, round, and 
refers to the globose shape. 


Pleurocrinus folliculus, new species 
Plate 10, figures 1—8 


Platycrinites tuberculatus Miller, J. S., 1821. Termier and Termier, 
1950, p. 86, pl. 212, figs. 10, 11. 

non Pleurocrinus tuberculatus Wright, 1938, p. 278, pl. 10, figs. 
1-4. 


Diagnosis.—Distinguished by elliptical ambulacral 
tracts and a greater number of small plates in the teg- 
men. 

Description.—Theca globose, small, length 17 mm, 
width 17.7 mm, base flat, tegmen moderately arched, 
pentagonal in oral view. Cup medium flat-based bowl- 
shaped, length 10.4 mm, width 15.6 mm, walls sub- 
vertical, basal-radial sutures impressed, plates with 
broad coarse irregular nodose and vermiform orna- 
ment. Basal circlet fused or tripartite, discoid to very 
shallow bowl, 9.2 mm diameter, distal edges upflared, 
barely visible in side view; thickened ridge parallels 
distal edges; azygous basal in E-A interray. Radials 5, 
large, 6.4 mm long, 9.5 mm wide, widest at distal end 
of interradial sutures, straight longitudinally, gently 
convex transversely, thickest proximally forming ridge 
overhanging basal circlet. Radial facet angustary, 
wide, horseshoe-shaped, subvertical, at distal end of 
radial. Primibrachial small, axillary, triangular in ex- 
terior outline, moderately convex transversely. First se- 
cundibrachials much wider than long, laterally extend- 
ing beyond primibrachial to attach to radial. Second 
secundibrachial, axillary; elliptical ambulacral tract of 
outer heterotomous arm much smaller than inner am- 
bulacral tract. Tertibrachials 2, second axillary. Mini- 
mum 8 arms per ray, free with second secundibrachial. 
Tegmen inflated, gently arched; plates large, bearing 
central tumid node; 5 orals at tegmen summit, anal oral 
in semicirular contact with 4 others, separated from 
ambulacral opening by few small ambulacral and in- 
terambulacral plates. Anal interray has single row of 
plates above radials. Anal opening on side of tegmen, 
directed laterally. Stem facet circular, small, 2.4 mm 
diameter. Distal arms and stem unknown. 

Remarks.—Pleurocrinus folliculus n. sp. is most 
closely related to, but differs from, P. glomerosus by 
having elliptical ambulacral tracts, and a greater num- 
ber of small plates in the tegmen. 

Material.—Three specimens: Holotype (RGM 361 
243), paratype 1 (RGM 361 244), and paratype 2 
(RGM 361 245) from the Oued el Hamar Formation, 


Pennsylvanian (late Bashkirian), at Foum ech Chegui- 
ga; Pareyn collection. 

Etymology.—Latin, meaning an inflated ball, refer- 
ring to the inflated shape of the tegmen. 


Genus EUCLADOCRINUS Meek, 1872 


Eucladocrinus? asymmetricus, new species 
Plate 10, figures 9—12 


Diagnosis.—Distinguished by four arms per ray and 
robust size. 

Description.—Theca globose, large, length 20.4 
mm, width 27 mm, base concave, tegmen low flat to 
very gently arched, elevated above ambulacral open- 
ings, pentagonal in oral view. Cup medium bowl- 
shaped, length 12.6 mm, width 25.1 mm, walls sub- 
vertical, trough along basal-radial sutures. Basal circlet 
fused, discoid to very shallow bowl, 16.4 mm diam- 
eter, length 2.5 mm, base concave with shallow con- 
cavity, distal edges upflared, barely visible in side 
view. Radials 5, large, 11 mm long, 14.1 mm wide, 
widest at distal end of interradial sutures, gently con- 
vex longitudinally and transversely, ornament of low 
broad nodes. Radial facet angustary, wide, horseshoe- 
shaped, subvertical; shows 3 facets, single axillary pri- 
mibrachial overlapped laterally by first secundibrachi- 
als. Primibrachial small, triangular in exterior outline, 
with rounded transverse ridge. First secundibrachials 
much wider than long, laterally attach to radial, with 
rounded transverse ridge. Second secundibrachial not 
preserved, axillary. Minimum 4 arms per ray, free with 
first secundibrachial. Tegmen low, flat to slightly 
arched; plates large with very coarse bulbous to no- 
dose centers; ambulacral plates small adjacent to am- 
bulacral openings, distally become larger; interambu- 
lacrals with single large plate followed by 2 or 3 small- 
er plates and larger plates distally. Anal opening sep- 
arated from radials by single large interambulacral 
followed by minimum of double row of small plates, 
projecting vertically. Stem facet circular, large, mod- 
erately concave, very narrow crenularium, wide areo- 
la; axial canal small, probably pentalobate. 

Remarks.—Eucladocrinus? asymmetricus n. sp. is 
distinguished by its robust size and concave basal cir- 
clet. Measurements were taken on the holotype (RGM 
361 246). The concave base has an asymmetry with a 
greater declivity at the distal ends, commonly greatest 
in the D-E interray area. One specimen (RGM 361 
253) has the greater declivity in the CD interray. These 
cups are remarkably similar to that of E. pleurovimen- 
us (White, 1862) as illustrated by Wachsmuth and 
Springer (1897, pl. 74, fig. 1). The generic assignment 
is tentative because Eucladocrinus has two large rami 
in each ray giving off pinnulate ramuli distally. It is 


CARBONIFEROUS (VISEAN—MOSCOVIAN) ECHINODERMS: WEBSTER ET AL. 39 


assumed that the four ambulacral openings on E.? 
asymmetricus represent the proximal ends of four rami 
or arms; it may represent a new genus. 

All specimens are solution- and abrasion-weathered 
and have lost most ornament. Paratype | (RGM 361 
247) retains a small part of the broad nodes on one 
radial, shows the development of the proximal end of 
the two small ambulacral openings on the outer sides 
of each half ray in two rays, and retains part of the 
stem facet morphology. The bulbous tegmen plates are 
best preserved on paratype 2 (RGM 361 248) and 
paratype 3 (RGM 361 249). Specimen RGM 361 252 
retains the stem facet and is abnormal, as the E and A 
radials are fused into one large armless plate. Speci- 
men RGM 361 253 has an inflated cup, with more 
strongly rounded walls, a more bowl-shaped cup, and 
greatest declivity in the CD interray; features we con- 
sider to reflect intraspecific variation. 

Material.—Eight specimens: Holotype (RGM 361 
246), four paratypes (RGM 361 247—RGM 361 250), 
listed specimen (RGM 361 251), and mentioned spec- 
imen (RGM 361 252) from the Oued el Hamar For- 
maton, Pennsylvanian (late Bashkirian), southwest of 
Djebel Horreit. Mentioned specimen (RGM 361 253) 
from the Oued el Hamar Formation, Pennsylvanian 
(late Bashkirian), from the north flank of Chebket 
Mennouna. All Pareyn collection. 

Etymology.—From the Greek asymmetros, referring 
to the asymmetry of the basal circlet. 


Eucladocrinus? sp. 


Remarks.—Two specimens are tentatively assigned 
to Eucladocrinus? sp. These specimens are similar to 
E.? asymmetricus n. sp., but have gently rounded basal 
circlets. It is uncertain if they represent variation or a 
separate species. Both specimens are weathered, poor- 
ly preserved, and unsuitable to serve as types. 

Material.—Two mentioned specimens (RGM 36] 
254) from the Oued el Hamar Formation, Pennsylva- 
nian (late Bashkirian), southwest of Djebel Horreit; 
Pareyn collection. 


Subclass DISPARIDA Moore and Laudon 1943 


Remarks.—Recent studies of the higher level clas- 
sification of the Crinoidea have resulted in major re- 
allocation of several taxa above the superfamily level 
(Simms and Sevastopulo, 1993; Ausich, 1997, 1998a). 
One change with which most echinoderm workers are 
in agreement is dropping of the Subclass Inadunata 
because taxa within it are considered polyphyletic. 


Superfamily BELEMNOCRINACEA S. A. Miller, 
1883 
Family SYNBATHOCRINIDAE S. A. Miller, 1889 
Genus SYNBATHOCRINUS Phillips, 1836 


Synbathocrinus sp. 
Plate 9, figures 11-14 


Description.—Cup conical, wider (13.4 mm) than 
high (8.2 mm), base truncated, walls gently convex 
becoming concave below radial facets. Basal circlet 
wider (8.4 mm) than high (2.3 mm), forms lower % of 
cup. Basals 3, 2 equal, | azygous in anal interray, hor- 
izontal proximally, steeply upflared distally. Radials 5, 
wider (7.3 mm) than long (6.4 mm), widest just below 
radial summit, gently convex transversely, gently con- 
vex becoming concave distally longitudinally or gently 
convex longitudinally. Radial facets plenary, upflaring 
adorally. Transverse ridge narrow, low, extends full 
width of facet. Outer ligament pit narrow, moderately 
deep, 0.5 facet width. Narrow transverse ridges and 
grooves along transverse ridge from ends of ligament 
pit to distal termination. Outer margin narrow. Muscle 
areas triangular with gently arched medial areas bor- 
dered by shallow grooves adoral of transverse ridge 
and along narrow V-shaped ambulacral groove. No in- 
ner ligament pit. Anal notch wider (3.1 mm) than deep 
(0.9 mm), almost entirely on C radial. Stem facet cir- 
cular, 4.1 mm diameter, impressed in basal circlet. 

Remarks.—Synbathocrinus is a long-ranging cos- 
mopolitan crinoid, most common in the Mississippian 
(Kinderhookian and Osagean) of North America and 
Tournaisian of Europe (Kesling and Smith, 1963). 
There are a few records from the late Viséan of Ireland 
(Waters and Sevastopulo, 1984) and the Serpukhovian 
(E2) of the Pyrenees (Delvolvé et al., 1996). All Penn- 
sylvanian species are known from North America 
(Strimple, 1938; Strimple er al., 1971; Strimple, 
1975a; Burdick and Strimple, 1983) and have low 
bowl-shaped cups with convex radials. Although Syn- 
bathocrinus sp. May represent a new species, no name 
is designated because the surface is etched. Ornamen- 
tation, if developed, is not preserved, and a better 
specimen is needed to serve as holotype. 

Material.—Figured cup (RGM 361 255) from the 
Ain Mezerelt Member, El] Guelmouna Formation at El 
Aouidja, summit El] Hamar, Mississippian (Serpukhov- 
ian, El); Legrand-Blain collection. 


Subclass CLADIDA Moore and Laudon, 1943 


Remarks.—The Order Cladida was elevated to sub- 
class status by Simms and Sevastopulo (1993), a pro- 
posal that was accepted by Ausich (1997, 1998b), but 
not by all authors (Webster, 1997; Webster and Houck, 
1998; Webster and Hafley in Webster et al., 1999). 
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Ausich (l998b) recognized the cladid orders Cyatho- 
crinida and Dendrocrinida, but suggested that the re- 
lationships of the poteriocrines (Suborder Poteriocri- 
nina of the Treatise, Moore and Teichert, 1978) needed 
additional study, with which we concur. 


Order CYATHOCRINIDA Moore and Laudon, 
1943 


Suborder CYATHOCRININA Bather, 1899 
Superfamily CYATHOCRINITACEA Bassler, 1938 
Family BARYCRINIDAE Jackel, 1918 


Remarks.—Mclntosh (1984) transferred Barycrinus 
to the Botryocrinidae noting that both had a small pri- 
manal and larger secundanal. This was accepted by 
Kammer (2000) and Gahn and Kammer (2002). Al- 
though we agree that barycrinids may be more closely 
related to the dendrocrinids than the cyathocrinitids, 
we do not agree that Barycrinus belongs in the Botry- 
ocrinidae, because Barycrinus has a pentameric stem 
and Botryocrinus rammossius Angelin, 1878, the type 
species, has a holomeric stem. Also, Barycrinus has 
more advanced radial facets with a transverse ridge 
and other secondary grooves and ridges radiating from 
the central pit whereas Botryocrinus has smooth radial 
facets lacking other morphologic features. The 7Trea- 
tise (Moore and Teichert, 1978) noted that pentameric 
stems are developed in some species of Botryocrinus. 
The significance of the pentameric stem, anal plates, 
and morphology of the radial facets within the cyath- 
ocrinitids and dendrocrinids needs detailed analysis, 
beyond the scope of this study. We would suggest, 
however, that the results of such an investigation may 
result in a much greater shuffling of the genera and 
families within the cyathocrinitids and dendrocrinids. 


Barycrinidae? indeterminate 
Plate 10, figures 13-17 


Description.—Cup moderately large, ’bowl-shaped, 
all plates with sharp stellate ridge ornament extending 
across plate boundaries and medium granular orna- 
ment. Infrabasals 5, large, distal tips upflared, visible 
in lateral view. Basals large, length 11.9 mm, width 
11 mm, hexagonal (posterior basal heptagonal), gently 
convex longitudinally and transversely. Radials large, 
length 12.8, width 15.5, moderately convex longitu- 
dinally and transversely, incurving distally. Radial fac- 
et angustary, 8.7 mm = wide, concave, horseshoe- 
shaped, subvertical to slightly upflared; transverse 
ridge formed by double row of anastomosing ridges; 
outer marginal ridge of short adorally directed ridges 
and grooves; outer ligament furrow wide; muscle areas 
large, narrowing adorally; ambulacral groove deep V- 
shaped with extended slit at base of V. Anals 2; large 


primanal rectangular; larger secundanal pentagonal, on 
posterior basal, extending above radial summit. Col- 
umn circular in transverse section, diameter 8.9 mm, 
heteromorphic; noditaxis N3231323. Columnals with 
wide crenularium, pentalobate lumen. 

Remarks.—The description of Barycrinidae? inde- 
terminate is based on disarticulated plates or parts of 
cups as follows: one radial, one fragment of a large 
radial; one cup fragment of one radial, two basals, and 
the distal tip of an infrabasal plate; one cup fragment 
of three basals, three radials, and two anal plates; and 
an associated loose pluricolumnal. 

Classification of the material is uncertain. The two 
anals and radial facets are similar to those in the bar- 
yerinids (sensu Moore and Teichert, 1978). The pri- 
manal is rectangular, however, it is much larger than 
typical in the barycrinids or botryocrinids, which have 
a primanal much smaller than the secundanal. Unfor- 
tunately, the tegmen and arms of this specimen are 
unknown leaving additional uncertainty concerning the 
classification. The ornament and radial facets are sim- 
ilar to those found in some taxa of the Poteriocriniti- 
dae. The column is holomeric unlike the pentameric 
column of Barycrinus. The radial facets have a trans- 
verse ridge, an intermediate development in the evo- 
lution of the radial facet morphology of the early clad- 
ids. 

Material.—Five specimens: Two partial cups (RGM 
361 256, RGM 361 257), one radial (RGM 361 258), 
one partial radial (RGM 361 259) and one pluricol- 
umnal (RGM 361 260) from the Akacha-Mazzer For- 
mation, unit 13 (Pareyn, 1961), Mississippian (late Vi- 
sean), at Djebel loucha; Pareyn collection. 


Order DENDROCRINIDA Bather, 1899 
Suborder DENDROCRININA Bather, 1899 
Superfamily MASTIGOCRINACEA Jaekel, 1918 
?Family MASTIGOCRINIDAE Jaekel, 1918 
Genus HEBOHENOCRINUS, new genus 


Type spectes.—Hebohenocrinus quasipatellus new 
genus, new species, here designated. 

Diagnosis.—Cup medium asymmetrical cone- 
shaped, small; microscopic granular ornament on cup 
and primibrachials; 5 infrabasals, basals, and radials 
strongly upflared; radial facets peneplenary; interradial 
notches narrow; | anal mostly within cup, distally with 
4 facets; ?single primibrachial axillary, isotomous 
branching widely flaring; stem facet horizontal, pen- 
tagonal, axial canal circular. 

Description.—As for the type species. 

Remarks.—Suprageneric classification of this spec- 
imen is problematic. The cone-shaped cup is a primi- 
tive feature. The peneplenary radial facets and pentag- 
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Text-figure 5—A. Hebohenocrinus quasipatellus n. gen. and sp., 
g 1 2 I 

posterior view, holotype RGM 361 262, 
Hebohenocrinus n. gen. based on holotype; R—radial, P—primanal. 


onal stem are intermediate evolutionary features in the 
cladids. Branching on the first primibrachial in at least 
one ray and presence of a single anal are advanced 
features (Text-fig. 5). The morphologic features of the 
steeply inwardly inclined thin radial facets relates them 
to the cladids. However, the transverse ridge is non- 
denticulate, whereas most cladids have denticulate 
transverse ridges. Most high-cone cladids have much 
thicker radial facets that are shallowly inclined inward, 
subhorizontal, or inclined outward. The genus is ques- 
tionably assigned to the Mastigocrinidae based on the 
primitive cup features but considered an advanced 
form based on the intermediate and advanced features. 

Etymology.—From the Greek hebos, meaning at the 
threshold of manhood, and henos, meaning old or for- 
mer, in reference to the advanced and primitive char- 
acters of the specimen, combined with krinon, mean- 
ing sea lily. 


eile aca arss quasipatellus, new species 
Plate 11, figures 5—7; Text-figure 5 

Diagnosis.—As for the genus. 

Description.—Cup medium asymmetrical cone- 
shaped, longest on posterior side, small, length 6 mm, 
width at radial summit 7 mm, plates thin, with micro- 
scopic granular ornament. Infrabasals 5, dart-shaped, 
length 1.8 mm, width 1.8 mm, strongly upflaring dis- 
tally, gently convex longitudinally and transversely. 
Basals 5, hexagonal, except posterior basal heptagonal, 
length 2.8 mm, width 2.6 mm, slightly concave lon- 
gitudinally, gently convex transversely. Radials 5, wid- 
er (3.4 mm) than long (2.4 mm), strongly upflared, 
gently convex longitudinally and transversely, distal 


<4.3. B. Plate diagram of 


edge scalloped. Radial facets peneplenary, thin, slight- 
ly concave transversely, lens-shaped external of trans- 
verse ridge, thickest centrally; transverse ridge not 
denticulate; outer marginal area moderately wide, with 
moderately deep ligament pit; medium-sized muscle 
areas slope steeply inward and downward. Interradial 
notches narrow. Single anal 2.7 mm long, 2.4 mm 
wide, distal tip slightly above radial summit, distally 
with 4 small facets. May be | or 2 primibrachials, 
horseshoe-shaped in transverse section, slightly con- 
cave longitudinally, strongly convex transversely, 
bearing microscopic granular ornament as on cup. Is- 
otomous branching widely flaring. More distal arms, 
tegmen, and stem unknown. Stem facet horizontal on 
infrabasal circlet, pentagonal, | mm in diameter; axial 
canal circular. 

Remarks.—All plates of Hebohenocrinus quasipa- 
tellus n. sp. have been replaced by iron oxides. Some 
of the proximal brachials, including at least one non- 
axillary and three axillary primibrachials, are dislo- 
cated, but preserved within the cup. The nonaxillary 
primibrachial is slightly dislocated from the B radial 
into the interior of the cup with an axillary primibra- 
chial dislocated to its left. The B ray apparently had 
two primibrachials. The other two axillary primibra- 
chials have no associated nonaxillary primibrachials in 
association. There are two secundibrachals dislocated 
into the interior of the cup. There was probably a min- 
imum of ten arms total. 

Material.—Holotype (RGM 361 262) probably 
from between the Hassi Kerma and Djenien forma- 
tions (Tagnana Formation), Mississippian (late Serpu- 
khovian, E2), Tiberbatine Anticline, east side of Oued 
Guir; Pareyn collection. 

Etymology.—From the Latin quasi, meaning ap- 
pearing as if, and patella, meaning small dish, and 
refers to the patelloid process-like appearance of the 
radial facets in lateral view. 


Family POTERIOCRINITIDAE Austin and Austin, 
1842 

As used in the Treatise (Moore and Teichert, 1978), 
the Suborder Poteriocrinina (of Order Cladida) in- 
cludes several superfamilies in addition to the Poter- 
iocrinitacea. The poteriocrinids were separated from 
the other cladids based on the presence of pinnules. 
Webster and Hafley (in Webster ef al., 1999) did not 
accept the development of pinnules as a justifiable 
character for classification at the level of suborder, 
pointing out that pinnules have evolved repeatedly in 
various groups of crinoids during the Paleozoic. They 
recommended that the Cupressocrinitidae be removed 
from the poteriocrinids and placed under the Gaster- 
ocomacea of the Cyathocrinina. Webster and Jell 
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(1999b) recognized the Order Ampelocrinida of the 
Subclass Articulata as including some genera of the 
Ampelocrinidae and Cymbiocrinidae, the families Cor- 
ythocrinidae and Calceolispongiidae, and some un- 
classified poteriocrinid genera. These changes re- 
moved a number of genera from the poteriocrinids. In 
addition, there have been several reallocations of gen- 
era and families within the Poteriocrinina since pub- 
lication of the Treatise (Moore and Teichert, 1978). 
We recommend abandonment of the Suborder Po- 
teriocrinina, because we believe that the origin of the 
Poteriocrinitidae is from the Cyathocrinina on the ev- 
idence of the morphology of the radial facets and 
structure of the cup, arms, and tegmen. The origin of 
the superfamilies Rhenocrinacea and Scytalocrinacea 
is through the Dendrocrinina, on the evidence of the 
morphology of the radial facet and structure of the 
tegmen and arms. Other superfamilies within the Po- 
teriocrinina (Treatise usage) also are believed to be 
derived from either the Cyathocrinina or Dendrocri- 
nina and require study beyond the scope of this paper 
for proper reallocation. Taxa described and discussed 
herein are assigned to poteriocrinine families as used 
in the 7reatise, but are not considered poteriocrinids 
unless assigned to the Family Poteriocrinitidae. 


Genus BALEAROCRINUS Bourrouilh and Termier, 
1973 


Remarks.—The primibrachials of Balearocrinus are 
quite distinctive. They are exceedingly short and the 
syzygial articulation leaves them firmly interlocked on 
the radial. Proximal primibrachials may be partially 
fixed to the radials. In the illustrations of Bourrouilh 
and Termier (1973, pl. 27, fig. 4; fig. 3, no. D) it is 
apparent that the first primibrachial is overlapped lat- 
erally by the second and perhaps higher primibrachials 
on the E-ray radial (right side of figure). On the A-ray 
radial (center radial, pl. 11, fig. 15) the first primibra- 
chial is tapering on the lateral ends and is overlapped 
by the second primibrachial near or at the radial mar- 
gin. The primibrachials on the B radial (left side of 
figure) also taper toward the lateral end but extend to 
the end of the facet. Additional evidence of the over- 
lapping of the first primibrachial by the second pri- 
mibrachial is present on the illustrations of the bra- 
chials by Bourrouilh and Termier (1973, pl. 28, figs. 
1-3). The crenularium of the brachial of their figure 3 
terminates along the sides without reaching horizontal 
radiations (i.e., less than a hemisphere). We interpret 
this as a first primibrachial facet, whereas the facets 
shown on their figures 1 and 2 radiate in a complete 
hemisphere, which we interpret as facets on distal bra- 
chials. We consider the narrow first primibrachial be- 
ing overlapped by the second primibrachial to be an 


important morphologic character of the genus but are 
uncertain how variable this feature is within the genus. 
These radial facets are related to the angustary radial 
facets of Poteriocrinites and the peneplenary radial 
facets of Rhabdocrinus, neither of which have the first 
primibrachial overlapped laterally by the second pri- 
mibrachial. The short brachials of Rhabdocrinus with 
radiating crenularia are very similar to those of Bal- 
earocrinus, but the latter lacks the interprimibrachials 
of the former. 


Balearocrinus pareyni, new species 
Plate 11, figures 13-15 


Cf. Rhabdocrinus scotocarbonarius (Wright, 1937). Pareyn, 1961, 
p 223: 


Diagnosis.—Cup high conical, truncated base, 
plates smooth, very shallow apical pits, 3 anals in 
primitive position; plenary radial facets concave, slope 
outward; primibrachials very short, first primibrachial 
overlapped laterally by second primibrachial; crenu- 
larium on outer margin of brachials and anals; proxi- 
mal columnals round, heteromorphic, NI noditaxis, 
syzygial articulation. 

Description.—Cup high conical, 18.5 mm _ long, 
14.9 mm wide (minimum), 18.5 mm wide (maximum), 
16.7 mm (average), truncated base, shallow apical pits, 
plates smooth. Infrabasals 5; proximal half covered by 
proximal columnal, probably horizontal; visible distal 
half strongly upflared, length 5.5 mm, width 7.3 mm. 
Basals 5, slightly longer (9 mm) than wide (7.8 mm), 
hexagonal (except posterior heptagonal), straight to 
faintly concave longitudinally, gently convex trans- 
versely. Radials 5, equidimensional (7.9 mm), strongly 
upflared, straight longitudinally, gently convex trans- 
versely. Radial facets plenary, concave, strongly 
rounded outer rim, slope outward. Anals 3, primitive 
position. Primanal largest, 6.6 mm long, 6.1 mm wide, 
pentagonal, supporting third anal distally. Secundanal 
pentagonal, 6.4 mm long, 6.1 mm wide, distal tip at 
radial summit. Tertanal equidimensional, 4.7 mm, dis- 
tal tip above radial summit. Tube plate above tertanal 
with externally radiating crenularium of fine culmina 
and crenellae. Primibrachials very short, uniserial, 
strongly rounded externally, 3 commonly retained in 
cup, bear externally radiating crenularium as on tube 
plate, syzygial articulation; first primibrachial over- 
lapped laterally by second primibrachial. Second pri- 
mibrachial tapers on lateral edges, reaching end of ra- 
dial facet. Distal arms and tegmen unknown. Proximal 
columnals transversely elliptical, long axis 8.6 mm, 
short axis 7.8 mm, 8.2 mm average, heteromorphic, 
noditaxis N1, syzygial articulation. 

Remarks.—Balearocrinus pareyni n. sp. has a taller 
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cup and narrower first primibrachials than B. breimeri 
reported from Viséan strata of Minorca (Bourrouilh 
and Termier, 1973) and B. cantabricus from the late 
Viséan of the Cantabrian Mountains, northern Spain 
(Herbig, 1982, 1994). This is the first report of the 
genus from northern Africa. 

The specimen is crushed slightly, normal to the A 
ray-posterior plane of symmetry. Attached proximal 
columnals are considered originally to have been 
round transversely and distorted to the elliptical shape 
by compaction. 

Material.—Holotype (RGM 361 261) from the 
Mazzer Formation, Mississippian (late Viséan), Mader 
el Mahjib syncline, bed 13; Pareyn collection. 

Etymology.—Named for C. Pareyn who found the 
specimen. 


Superfamily SCYTALOCRINACEA Moore and 
Laudon, 1943 


Family SCYTALOCRINIDAE Moore and Laudon, 
1943 


Genus SCYTALOCRINUS Wachsmuth and 
Springer, 1880 


Scytalocrinus sp. 
Plate 11, figure 16 


Phanerocrinus noy. sp. Pareyn, 1961, p. 76 [sic]. 


Description.—Cup truncated medium cone, length 
8.7 mm, width 16.6 mm (average), medium granular 
oranment on all plates including secundibrachials. In- 
frabasal circlet with basal concavity, diameter 7.6 mm, 
proximally horizontal, distal tips weakly upflared, 
barely visible in lateral view; infrabasals 5. Basals 5, 
slightly wider (7.1 mm) than long (6.1 mm), hexagonal 
(CD basal may be heptagonal if in contact with se- 
cundianal), gently convex longitudinally and_ trans- 
versely, form lower half of cup wall. Radials 5, much 
wider (10.6 mm) than long (6.6 mm), pentagonal, 
gently outflaring, slightly convex longitudinally, mod- 
erately convex transversely. Radial facet plenary. An- 
als 3, primitive to slightly advanced arrangement. Ra- 
dianal largest, pentagonal or hexagonal, either under- 
lies both secundanal and tertanal or abuts secundanal 
and underlying tertanal. Secundanal mostly in cup, in 
line of radials. Tertanal proximal half in cup. Axillary 
single primibrachial widest at base, constricted medi- 
ally, strongly convex transversely, concave longitudi- 
nally. First secundibrachials widest at base, narrowing 
distally, slightly cuneate, concave longitudinally, mod- 
erately convex transversely. Stem facet round, 2.6 mm 
diameter, wide crenularium, no areola, circular axial 
canal. 

Remarks.—Both specimens of Scytalocrinus sp. are 


distorted through compaction with the one specimen 
with proximal brachials of three rays preserved partly 
enclosed in matrix and positioned above the oral sur- 
face of the more completely exposed cup of the other 
specimen. The shape of the distal brachials and the 
distal branching patterns are unknown. 

These specimens closely resemble S. robustus (Hall, 
1861) in cup shape and structure, but differ by the 
presence of granular ornament. Ornamentation is not 
common in species assigned to Scytalocrinus (most 
species are described as having smooth plates or lack- 
ing ornamentation). Scytalocrinus disparilis (Miller 
and Gurley, 1890) was described as having smooth or 
granular plates and S. cantonensis (Miller and Gurley, 
1890) was illustrated (pl. 8, figs. 3, 4) as having gran- 
ular ornamentation, but the ornamentation was not 
mentioned in the description. Scytalocrinus seafielden- 
sis (Wright, 1948) was described as having smooth or 
very finely frosted plates. Webster (1997) recognized 
three clades within Scytalocrinus based principally on 
the shape of the brachials. Because the distal brachials 
of these specimens are unknown they are left in open 
nomenclature, but are thought to represent a new spe- 
cies. 

Material.—Two specimens (RGM 361 263) from 
the base of Mouizeb el Atchane Member, Ain el Mizab 
Formation, Mississippian (Serpukhovian, E2), at Gadet 
Sedra; Pareyn collection. 


Genus HYDRIOCRINUS Trautschold, 1867 


Hydriocrinus? confusus, new species 
Plate 11, figures 1—4 


Diagnosis.—Distinguished by more elongate pri- 
mibrachials, an advanced primitive anal condition with 
the secundanal not in contact with the posterior basal, 
and a round stem. 

Description.—Cup elongate vase-shaped, length 8.4 
mm, width 5.8 mm, widest slightly below distal end 
of basals, surface ornament of microscopic granules. 
Infrabasals 5, dart-shaped widening distally, visible 
length 3 mm, width 2.1 mm, straight longitudinally, 
gently convex transversely. Basals 5, large, length 3.7 
mm, width 2.1 mm, hexagonal, moderately convex 
longitudinally and transversely, inflaring gently distal- 
ly. Radials 5, large, length 3.1 mm, width 3.6 mm, 
pentagonal, gently outflaring proximally, inflaring dis- 
tally, gently convex transversely. Radial facets plena- 
ry, slope inward moderately, bear transverse ridge, 
sharp outer marginal ridge, moderately deep outer lig- 
ament pit, and deep wide muscle areas. Anals 3. Pri- 
manal hexagonal, in contact with C radial, BC (nar- 
rowly) and CD basals, D radial, secundanal, and ter- 
tanal. Secundanal pentagonal, distal tip slightly above 
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radial summit adjoined by 2 tube plates, tertanal, pri- 
manal, and D radial. Tertanal hexagonal, distal half 
above radial summit, adjoined distally by 2 tube plates, 
one in common with secundanal. E ray primibrachial 
elongate, nonaxillary, strongly rounded transversely, 
slight hour-glass shape. Axillary C and D ray primi- 
brachials much shorter (2 mm) than E ray primibra- 
chial (3.2 mm). Secundibrachial on anal side of D ray 
primibrachial slightly cuneate. More distal brachials 
and tegmen unknown. Proximal columnals transverse- 
ly round, tapering from 2.1 mm diameter at infrabasal 
facet to 2 mm on distal end of second columnal. Col- 
umnal facet with crenularium and areola of equal 
width; lumen shape unknown. 

Remarks.—The single specimen of Hydriocrinus? 
confusus nN. sp. is replaced with iron oxides and un- 
crushed. The anals are in a slightly advanced primitive 
condition with the secundanal not in contact with the 
posterior basal. 

The small size and vase shape of the cup are similar 
to Hydriocrinus pusillus Trautschold, 1867, reported 
from the Moscovian of Russia. Hydriocrinus, however, 
has a pentagonal stem, relatively short medially con- 
stricted primibrachials, rectilinear brachials, and arms 
that branch at least twice in some rays. It is uncertain 
from the original description and illustrations of Hy- 
driocrinus if all the primibrachials are the same length 
and if all are axillary. The two primibrachials of H.? 
confusus are constricted medially, but relatively much 
longer than those of H. pusillus Trautschold. The only 
single secundibrachial preserved on H.? confusus is 
slightly cuneate. Also, the round stem of H.? confusus 
is in contrast to the pentagonal stem of H. pusillus. 
Hydriocrinus? confusus with the slightly advanced po- 
sition of the anals occurs stratigraphically earlier (Ser- 
pukhovian) than H. pusillus, a Moscovian form, in 
which the anals are in the primitive position with the 
secundanal in contact with the posterior basal. 

Comparison of Hydriocrinus? confusus with other 
Carboniferous species assigned to the genus led us to 
question the generic assignment of each. In discussions 
with other crinoid workers, it was suggested that all 
Devonian and Early Carboniferous species assigned to 
Hydriocrinus actually belong to other genera (N. G. 
Lane, personal communication). The partially exposed 
cup of H. mjassoedowae Yakovlev (1926) has a more 
bowl shape, impressed sutures, and a round stem facet. 
It is not considered a Hydriocrinus. Two species, H. 
lorraineae Strimple and Watkins (1969) and H. tur- 
binatus Strimple (1971), have conical-shaped cups, 10 
arms, isotomous branching on the axillary primibra- 
chial, cuneate brachials, and pentagonal stems with 
round lumens. These two species are considered to be- 
long to the same genus but not to Hydriocrinus. The 


second set of arms (Strimple and Watkins, 1969, pl. 
34, figs. 6, 7) assigned to H. lorraineae have much 
more cuneate brachials and are not from the same spe- 
cies. The dorsal cup of H. acehillensis Pabian and 
Strimple (1985) is a conical cup, possibly belonging 
to the same genus as H. lorraineae and H. turbinatus. 
Their description states that the specimen has three 
anals, as shown in the posterior view of the cup (Pa- 
bian and Strimple, 1985, fig. 251), however the oral 
view (fig. 25k) shows a specimen with six radial facets 
and no anals. It appears that two different specimens 
are illustrated, but the description and remarks are 
based on a single specimen. Another dorsal cup, H.? 
roset Moore and Plummer, 1938, referred to Phacel- 
ocrinus by Strimple (1971), was considered to be the 
progenitor of Hydriocrinus in North America by 
Strimple and Watkins (1969) and Pabian and Strimple 
(1985). This specimen has an asymmetrical conical 
cup, considerably larger than Hydriocrinus cups, and 
probably belongs to a scytalocrinid, perhaps Hypse- 
locrinus or Phacelocrinus. 

The anal structure of Melbacrinus has been consid- 
ered to be comparable to that of Hydriocrinus (Strim- 
ple, 1971). The lower conical cup, elongate primibra- 
chials, and round stem of Melbacrinus, however, are 
quite distinct. The elongate primibrachials and round 
stem are comparable to those of H.? confusus, but the 
cup shapes differentiate these two genera. 

Material.—Holotype (RGM 361 264) from a hori- 
zon between the Hid el Kef and Djenien members, 
Djenien Formation, Mississippian (Serpukhovian, E2), 
north of Djebel Arlal; Pareyn collection. 

Etymology.—From the Latin confusio meaning mix- 
ture, disorder. 


Family AMPULLACRINIDAE, new family 


Type genus.—Ampullacrinus n. gen. 

Diagnosis.—Crown slender elongate, cup medium 
bowl or globe shape, shallow basal concavity, radial 
facets plenary, 3 anals in primitive position with se- 
cundanal in contact with posterior basal, arms 10, 
branching isotomously on single primibrachial, 3 en- 
toneural canals in brachials, advanced articular facets 
with transverse ridges on all proximal brachials, bra- 
chials slightly cuneate, proximal columnals round to 
weakly pentagonal, axial canal pentalobate. 

Remarks.—Sevastopulo and Keegan (1980) report- 
ed the discovery of triple aboral nerve canals, in an 
isolated brachial from the Mississippian (late Viséan) 
Charlestown Main Limestone of Scotland, when de- 
scribing a technique to study stereom structure of fos- 
sil crinoids. Ampullacrinus is the first report of the 
triple canals in an articulated partial crown. If it did 
not have the three entoneural canals in the brachials, 
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Ampullacrinus would be considered a scytalocrinid. 
Entoneural canals and advanced articular facets on the 
brachials are two features of Ampullacrinus shared 
with the articulates. 

Entoneural canals evolved several times in crinoids. 
They are present in crotalocrinids, euspirocrinids, 
some codiacrinids, gasterocomacids, encrinids, and the 
articulates as illustrated in the Treatise (Moore and 
Teichert, 1978, among others). Except for the articu- 
lates and encrinids, all of these groups became extinct 
in the Paleozoic. The encrinids became extinct in the 
Triassic. Crotalocrinids, euspirocrinids, codiacrinids, 
and gasterocomacids lack advanced articular facets on 
the brachials, except at arm divisions, and have a sin- 
gle entoneural canal (Moore and Teichert, 1978). The 
articulates have two entoneural canals and advanced 
articular facets on the brachials (Webster and Jell, 
1999b). The encrinid Chelocrinus has two entoneural 
canals and have advanced articular facets on the un- 
iserial brachials, and two entoneural canals on the dis- 
tal biserial brachials (Hagdorn, 1982). 

Webster and Jell (1999b) considered the synapo- 
morphic feature that defines the Articulata to be the 
development of syzygial brachial pairs in the arms. 
Ampullacrinus lacks the distal parts of the arms be- 
yond the ninth secundibrachial. There is no indication 
of development of syzygial brachial pairs within the 
nine secundibrachials. Syzygial brachial pairs are not 
developed in Corythocrinus or Archaeoisocrinus until 
the fourth secundibrachial, and Chlidonocrinus is de- 
fined in Moore and Teichert (1978, p. T674) as having 
**Arms branching more than twice, some with syzygial 
paired brachials.”” This latter statement implies either 
that not all arms have syzygial paired brachials or that 
some species of Chlidonocrinus do not have syzygial 
paired brachials. Those species lacking syzygial paired 
brachials may be improperly assigned to Chlidonocri- 
nus. 

Development of the articular facets on brachials oth- 
er than axillary brachials and their distal counterparts 
is considered an important morphologic character of 
the ampelocrinids, demonstrating that they are primi- 
tive articulates. In some instances preservation of ar- 
ticulated arms or recrystalliation could easily mask the 
small entoneural canals, but the articular facets may 
be less affected. Thus, the development of, or combi- 
nation of, any one or more of the three synapomorphic 
features, two entoneural canals, syzygial brachial pairs, 
or articular facets on brachials other than axillary bra- 
chials, should be used for recognition of Paleozoic ar- 
ticulates. 

Logocrinus Goldring (1923) was considered the 
progenitor of the articulate crinoids based on the pres- 
ence of syzygial paired brachials by Webster and Haf- 
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ley (in Webster et al., 1999). This includes L. geni- 
culatus Goldring, 1923, L. infundibuliformis Goldring, 
1923, L. kopfi (Goldring, 1946) L. brandoni Sigler et 
al., 1971, and ?L. conicus Kesling, 1968. The arms of 
L. conicus are unknown above the primibrachials, thus 
it is questionably assigned to the genus. The arm frag- 
ment with syzygially paired brachials, identified as 
Charientocrinus ithacensis by Goldring (1923, pl. 53, 
fig. 3), belongs to L. geniculatus or L. infundibulifor- 
mis. Logocrinus lacks entoneural canals (George Mc- 
Intosh, personal communication, December 2000). Lo- 
gocrinus probably evolved from an early glossocrinid 
and is herein questionably referred to the Family Cor- 
ythocrinidae but may be the progenitor of the primitive 
articulates. Including Logocrinus, the Corythocrinidae 
ranges from Givetian to the Sakmarian-Artinskian 
boundary. 

Ampullacrinus is specifically excluded from the 
primitive articulates because it lacks syzygial paired 
brachials and has three entoneural canals. Ampullacri- 
nus is probably derived from a scytalocrinid with de- 
velopment of the three entoneural canals. This is an- 
other instance of polymorphic evolution of entoneural 
canals not in the lineage of the articulates. Hagdorn 
(1995) reported that encrinids were derived (Encrini- 
dae, Traumatocrinidae, and Ainigmacrinidae) from a 
proto-articulate crinoid. Because encrinids lack syzyg- 
ial paired brachials they are excluded from the artic- 
ulate lineage. Encrinids are a separate example of evo- 
lutionary development of entoneural canals from an 
unspecified late Paleozoic cladid, perhaps like Aesi- 
ocrinus or one of the scytalocrinids with two primi- 
brachials. Their evolution included loss of the anals, 
development of biserial brachials distally, articulation 
facets with transverse ridges on proximal brachials 
minimally, and entoneural canals. 


AMPULLACRINUS, new genus 
Text-figure 6 E 


Type species.—Ampullacrinus marieae n. gen., new 
species, here designated. 

Diagnosis.—As for the family. 

Description.—As tor Ampullacrinus marieae, new 
species. 

Remarks.—Without the presence of the muscular 
and ligamentary facets and the entoneural canals, vis- 
ible only on the brachial facets, this taxon would be 
assigned to Scytalocrinus on the basis of the cup and 
arm morphology. 

Etymology.—From the Latin, ampulla, meaning 
flask and refers to an irregular flask-like shape of the 
enclosed crown. 
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Ampullacrinus marieae, new species 
Plate 12, figures 1-10; Text-figure 6 B—E 


Cf. Fifeocrinus tielensis (Wright, 1936). Pareyn, 1961, p. 76. 


Diagnosis.—Distinguished by having a medium 
bowl-shaped cup, very fine granular ornament grading 
into vermiform and aligned granules, and a weakly 
pentagonal stem. 

Description.—Cup medium bow] shape, wider than 
long, widest at radial summit, sutures flush, not im- 
pressed, very fine granular grading into vermiform and 
aligned ornamentation. Infrabasal circlet subhorizon- 
tal, 6.1 mm diameter. Infrabasals 5, dart-shaped, slight- 
ly longer than wide, distal tips visible in lateral view, 
proximal ends downflaring in shallow basal concavity. 
Basals 5, wider than long, gently convex transversely 
and longitudinally. Radials 5, largest plates in cup, 
wider than long, gently convex transversely and lon- 
gitudinally. Radial facets plenary; transverse ridge nar- 
row, sharp crested; outer ligament pit 4% length trans- 
verse ridge, deep, slopes under ridge; outer marginal 
ridge with transverse ridges and grooves across facet; 
outer margin shelf moderately wide centrally, crescent- 
shape; muscle areas not exposed. Anals 3, large, in 
primitive position. Primanal largest, oblique position, 
adjoined by C radial, BC and CD basals, secundanal 
and tertanal. Secundanal elongate, distal half above ra- 
dial summit. Primibrachials wider than long, strongly 
convex transversely, gently convex longitudinally, ax- 
illary; primibrachials unequal in length, A longest, C 
and D second longest, B and E shortest. First secun- 
dibrachials wider than long, strongly convex trans- 
versely, straight longitudinally. Arms 2 per ray, 10 to- 
tal if no branching above primibrachials. Brachials 
strongly rounded transversely, straight longitudinally, 
slightly cuneate. Brachial facets symmetrical to slight- 
ly asymmetrical, bear nondenticulate transverse ridge, 
medium depth ligament pit, denticulate outer marginal 
ridge, and narrow outer ligament furrow; muscle areas 
large, transversely irregularly ridged, separated from 
transverse ridge by wide, coarsely crenulate articular 
fields along lateral sides and admedial smooth intera- 
reas; intermuscular furrow shallow, lacking recogniz- 
able central pit. Three small entoneural canals (Text- 
fig. 6); central canal medial between transverse ridge 
and intermuscular furrow; 2 elliptical lateral canals di- 
verging adorally to central canal along aboral end of 
intermuscular furrow. Stem facet weakly pentagonal; 
axial canal pentagonal; crenularium with 4 to 6 coarse 
crenula (longest centrally) per infrabasal. Proximal 2 
columnals weakly pentagonal, heteromorphic; latus 
rounded; minimum N1 noditaxis. Measurements given 
in Table 9. 

Remarks.—The holotype of Ampullacrinus marieae 


Text-figure 6.—A-—C. Camera-lucida drawings of brachial facet of 
Ampullacrinus showing three entoneural canals. A. Ampullacrinus 
tritubulus n. gen., n. sp. Distal facet of second secundibrachial, right 
side of A ray. Paratype 2, RGM 361 335, 23. B. Ampullacrinus 
mariea n. gen., n. sp. Distal facets of first secundibrachials, E ray. 
Paratype 2, RGM 361 329, *7.5. C. Ampullacrinus mariea n. gen., 
n. sp. Distal facet of third or fourth secundibrachial, left side of A 
ray. Paratype 2, RGM 361 329, «12. D. Ampullacrinus marieae n. 
gen. and sp., posterior view, holotype RGM 361 330, «2.2. E. Plate 
diagram of Ampullacrinus n. gen. based on holotype and paratypes 
of A. marieae n. sp.: R 


radial, P—primanal, S—secundanal, T— 
tertanal. 


n. sp. is crushed with elongation in the A ray-posterior 
axis, has some chipping of cup plates, has up to 10 
secundibrachials preserved, and shows the entoneural 
canals and brachial facets. The cup of paratype 1| is 
not crushed, lacks the D radial, has crushed arms, and 
retains the first and part of the second columnals; it 
also retains up to the third secundibrachial. Paratype 2 
(RGM 361 329) is crushed with elongation normal to 
the A ray-posterior axis, has up to the third secundi- 
brachial preserved, and retains the best preservation of 


CARBONIFEROUS (VISEAN—MOSCOVIAN) ECHINODERMS: WEBSTER ET AL. 47 


Table 9—Measurements in mm for Ampullacrinus mariea n. gen., nN. sp. 


Type 
Paratype 2 Holotype Paratype | 
Spec. no. (RGM) 
361 329 361 330 361 331 

Specimen length 19.1 23.2 17.6 
Cup length 8.5 Tes) VS 
Cup width maximum 17.8 16.5 18.6 
Cup width minimum 12.0 14.1 18.0 
Cup width average 14.9 15.3 18.3 
IBB length De) 3 3.5 
IBB width 2.6 3 355 
BB length 5:2 4.9 6.2 
BB width 5.8 5.4 (ong 
RR length 5.3) 5.5 6.4 
RR width 8.1 8.4 10.4 
Primanal length 5.6 5:9) 6.8 
Primanal width 4 4.5 4.7 
Secundanal length 5 4.2 4.8 
Secundanal width Sh9/ 4.3 4.5 
Primibrachial length 52. 4.2 5 
Primibrachial width 8.4 7.4 8.4 
Ist secundibrachial length 332 2.8 3.2 
Ist secundibrachial width 4.5 3.5 She) 
Diameter stem facet 2.7 avg. Dell 

Diameter proximal columnal 3.1 


the entoneural canals and articular facets of the bra- 
chials. Paratype 3 is crushed with elongation in the E- 
A interray-C ray axis, has crushed arms retaining up 
to the second secundibrachial, and has four solution- 
etched proximal columnals. 

Material.—Four specimens from the Mouizeb el At- 
chane Member, Ain el Mizab Formation, Mississippian 
(Serpukhovian, E2). Paratype 2 (RGM 361 329) from 
Djebel Béchar; Legrand-Blain collection. Holotype 
and paratype | (RGM 361 330; RGM 361 331) from 
the ravine at Mouizeb el Atchane and paratype (RGM 
361 332) from Ravine de Djenien; Pareyn collection. 

Etymology.—Named for Marie Legrand-Blain who 
found one of the specimens. 


Ampullacrinus tritubulus, new species 
Plate 11, figures 17—23; Text-figure 6 A 


Diagnosis.—Distinguished by having a medium 
globe-shaped cup, fine granular and anastomosing or- 
nament, and a round stem. 

Description.—Cup medium globe shape, length 5.8 
mm, width 14.8 mm (average), shallow basal concav- 
ity, plates slightly inflated, sutures lightly impressed, 
fine granular and anastomosing ornament. Infrabasal 
circlet pentagonal, shallowly invaginated, 5.3 mm di- 
ameter. Infrabasals not visible in lateral view. Basals 
5, AB, DE, and EA hexagonal, BC and CD heptagonal 
for adjoining anals, length 5.3 mm, width 5.2 mm, 


moderately convex longitudinally and_ transversely, 
outflaring forming lower half of cup wall. Radials 5, 
pentagonal, wider (8.1 mm) than long (4.4 mm), mod- 
erately convex longitudinally and transversely, slightly 
outflaring distally. Radial facet plenary, sloping out- 
ward slightly. Anals 3, in primitive position. Primanal 
largest, length 4.5 mm, width 4 mm, pentagonal, abut- 
ting secundanal, supporting tertanal. Secundanal hex- 
agonal, directly above posterior basal, slightly less 
than half extending above radial summit. Tertanal 
smallest, hexagonal, slightly more than half extending 
above radial summit. Single primibrachials axillary, 
wider (7.6 mm) than long (4.2 mm estimate). Brachials 
strongly rounded transversely, straight longitudinally, 
slightly cuneate. Brachial facets symmetrical to slight- 
ly asymmetrical, bear nondenticulate transverse ridge, 
medium depth ligament pit, denticulate outer marginal 
ridge, and narrow outer ligament furrow; muscle areas 
large, transversely irregularly ridged, separated from 
transverse ridge by wide, coarsely crenulate articular 
fields along lateral sides and admedial smooth interar- 
eas; intermuscular furrow shallow, lacking recogniz- 
able central pit. Three small entoneural canals; central 
circular canal medial between transverse ridge and in- 
termuscular furrow; two elliptical lateral canals di- 
verging adorally to central canal along aboral end of 
intermuscular furrow. Branching isotomous, 2 arms 
per ray, 10 arms total if no distal branching. Secun- 


48 


Table 10.—Measurements in mm for Cosmetocrinus? sp. 
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Spec. no. (RGM) 


290 874 361 265 
Cup length 5) 7.3 (crushed) 
Cup width 6.5 9.6 max., 5.3 min., 7.4 avg. 
Infrabasal length 1.9 (est.) 2.1 
Infrabasal width 129 2 
Basal length 2.6 3:2 
Basal width 235 Qf 
Radial length 2. 3 
Radial width See Sul; 
Primibrachial length Sh 3.5 
Primibrachial width 2.8 3.8 
Diameter proximal columnal or impression 15 2.6 


dibrachials much wider than long, moderately cuneate. 
Proximal stem round, heteromorphic; minimum NI] 
noditaxis; lumen pentalobate. 

Remarks.—The cup of the holotype (RGM 361 333) 
of Ampullacrinus tritubulus n. sp. is slightly crushed 
normal to the A ray-posterior plane of symmetry. Dis- 
tal parts of the arms are not preserved except for a 
fragment of one arm retained among the arm bases. 
The infrabasal circlet is not preserved. Paratype | 
(RGM 361 334) retains the basal circlet (which is 
crushed inward slightly), the D and E radials are bro- 
ken with parts missing, the arms are not preserved, 
and the abraded proximal stem 1s attached. Paratype 2 
(RGM 361 335) lacks the infrabasal and basal circlets 
and retains proximal parts of all arms up to the third 
secundibrachial. 

Without the arms showing the entoneural canals, 
Ampullacrinus tritubulus has some resemblance to 
Mooreocrinus. The cup has a closely similar shape and 
may bear similar ornamentation. It differs, however, 
by having much thinner plates, less impressed sutures, 
and lacking the stitched appearance along the sutures 
typical of most cromyocrinids. Ampullacrinus tritu- 
bulus differs from A. marieae by having coarser or- 
nament, a medium globe-shaped cup, and a round 
stem. 

Material.—Three specimens: Holotype (RGM 361 
333) from the base of the Ain el Mizab Member, Ain 
el Mizab Formation, Mississippian (Serpukhovian, 
El), from Foum es Sba. Paratype | (RGM 361 334) 
from the top of the Djenien Member, Djenien For- 
mation, Mississippian (Serpukhovian, E2), at Chebket 
Djihani. Paratype 2 (RGM 361 335) from the Djenien 
Member, Djenien Formation, Mississippian (Serpu- 
khovian, E2), at Chebket Djihani. All Pareyn collec- 
tion. 

Etymology.—From the Latin tri, meaning three, and 
tubus, meaning pipe or tube, and referring to the three 
entoneural canals. 


Family APHELECRINIDAE Strimple, 1967 
Genus COSMETOCRINUS Kirk, 1941 


Cosmetocrinus? sp. 
Plate 11, figures 8—12 

Description.—Cup small, high cone-shaped, unor- 
namented. Infrabasals 5, equidimensional to slightly 
longer than wide, proximal end horizontal for stem 
facet, distal three-fourths upflared, visible in lateral 
view, forming basal one-fourth of cup, moderately 
convex transversely. Basals 5, slightly longer than 
wide, straight longitudinally, moderately convex trans- 
versely, AB, DE, and EA hexagonal, BC and CD sep- 
tagonal in contact with anals. Radials 5, shorter than 
long, straight longitudinally, moderately convex trans- 
versely, outflaring, maximum width at base of very 
narrow interradial notch. Radial facets peneplenary, 
slightly outset, subhorizontal. Radial-primibrachial su- 
ture gaping. Anals 3, normal position. Primanal and 
secundanal approximately same size. Primanal pentag- 
onal elongate. Secundanal hexagonal, extending slight- 
ly above radial summit. Anal series continues as two 
parallel columns of stacked polygonal plates in base 
of slender anal tube. Single primibrachials axillary in 
all rays, isotomous branching. Brachials strongly 
rounded transversely, straight to slightly concave lon- 
gitudinally, hourglass-shaped. Proximal secundibrachi- 
als shorter than primibrachials, shape similar to pri- 
mibrachials, cuneate. Arms 10 in preserved portion. 
Proximal columnal round transversely, lumen subpen- 
talobate. Measurements given in Table 10. 

Remarks.—These two partial crowns are tentatively 
assigned to Cosmetocrinus because they have very 
narrow interradial notches, that are essentially con- 
cealed by the outset radial facets. Interradial notches 
are not known in any species of Cosmetocrinus. The 
primibrachials are of differing lengths, with the B ray 
longest on both specimens. Differing lengths of the 
primibrachials is a feature common to Cosmetocrinus 
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Table 11.—Measurements in mm for Dicromyocrinus vastus n. sp. 


Type 
Holotype Paratype | Paratype 2 Paratype 3 Paratype 4 
Spec. no. (RGM) 

361 266 361 267 361 268 361 269 361 270 
Crown length (incomplete) 17.4 10.8 
Cup length 8.8 Sei 13.5 10.9 7.9 
Cup width 15 10.8 6.5 5.4 14.6 
Diameter infrabasal circlet 6.2 4.3 6.9 4.8 6.8 
Basal length 5.4 Shi) 4.8 3:2 5.6 
Basal width Dal, 4 533) 4.5 6.3 
Radial length Sy) 32D 5:2 B53 6 
Radial width 8.3 5.3, eS) 5.8 8 
Primanal length 5.3 3.4 4.2 Bh) 4.1 
Primanal width 3.6 2.6 4 32 3.4 
Primibrachial length 3.8 6 
Primibrachial width 7.6 4.1 
Stem facet diameter 2.8 1.4 
Proximal columnal diam. DES 1.8 7.4 


and several other genera of the cladids. The small con- 
ical cup is also known among a few genera of the 
Scytalocrinidae, but none has interradial notches and 
the brachials are quite long, branching on primibra- 
chial two or higher. 

Material.—Two specimens (RGM 290 874, RGM 
361 265) from marly limestone above DZ12 of the El 
Guelmouna Member, El Guelmouna Formation, Mis- 
sissippian (Serpukhovian, E1), at Djenien, east of Pal- 
meraie de, before the pass, Béchar; Winkler Prins col- 
lection. 


Superfamily CROMYOCRINACEA Bather, 1890 
Family CROMYOCRINIDAE Bather, 1890 
Genus DICROMYOCRINUS Jaekel, 1918 


Dicromyocrinus vastus, new species 
Plate 12, figures 11—21; Plate 17, figures 25, 26 


Diagnosis.—Distinguished by the medium-sized or- 
namentation, lesser degree of suture impression, ter- 
tanal in contact with primanal, and a slightly upflaring 
infrabasal circlet. 

Description.—Crown small, cylindrical with arm 
girdle in proximal part of secundibrachials. Cup me- 
dium bowI- to globe-shaped, incurving at distal tips of 
radials, base subhorizontal to shallow basal invagina- 
tion; all cup plates and proximal brachials bear me- 
dium granular to vermiform ornament; apical pits shal- 
low, sutures weakly to moderately impressed. Infra- 
basal circlet horizontal proximally, downcurving to 
horizontal medially, gently upcurved distally. Infra- 
basals 5, dart-shaped, widest at basal plane, distal tips 
barely visible in lateral view. Basals 5, large, slightly 
wider than long, AB, DE, and EA hexagonal, BC and 


CD heptagonal to accomodate adjoining anals, mod- 
erately convex longitudinally and transversely, outflar- 
ing proximally, subvertical distally, form lower half of 
cup wall. Radials 5, much wider than long, widest 
slightly below radial summit, moderately convex lon- 
gitudinally and transversely, incurving distally, form 
upper half of cup wall. C radial with shortened side 
adjacent to anal series; C and D radials not as wide as 
A, B, and E radials. Radial facet plenary, sloping out- 
ward slightly, with wide outer ligament area, moder- 
ately deep ligament pit, straight transverse ridge nearly 
plenary, wide muscle areas. Anals 3, primitive to in- 
termediate advanced position; primanal iargest, pen- 
tagonal, oblique, in contact with C radial, BC and DC 
basals or CD basal only, secundanal, and tertanal; se- 
cundanal hexagonal, directly above CD basal, one- 
third above radial summit; tertanal smallest, hexago- 
nal, slightly less than half above radial summit. Single 
primibrachial axillary in all rays, much wider than 
long, moderately convex transversely, longitudinally 
convex proximally becoming concave distally, mod- 
erate gape with radial. Branching isotomous, 2 arms 
per ray, 10 arms total unless additional branching dis- 
tally. Proximal columnals circular transversely, hetero- 
morphic. Noditaxis at least N212. Lumen pentalobate. 
Crenularium narrow, on outer half of facet. Measure- 
ments given in Table 11. 

Remarks.—Weathering apparently has destroyed 
much of the ornament on the cup plates of most spec- 
imens of Dicromyocrinus vastus n. sp. leaving an 
abraded surface with remnants of median coarse no- 
dose and anastomosing ridge ornament. The ornamen- 
tation is intermediate in size between the fine and 
coarse clades recognized by Webster (1981). It is most 
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similar to that of D. medius Moore and Strimple 
(1973). These two species differ in the lesser degree 
of suture impression, the tertanal is in contact with the 
primanal, and the infrabasal circlet is slightly upflared 
in D. vastus, whereas the sutures are deeply impressed, 
the tertanal is not in contact with the primanal, and the 
infrabasal circlet is horizontal to slightly impressed in 
D. medius. It is distinguished from other species of the 
genus by the medium-sized ornamentation, not being 
as coarse as in D. granularis Easton (1962) from Low- 
er Pennsylvanian strata from North America. The or- 
nament is coarser and the base flatter in D. vastus than 
in D.? papillatus Worthen (1882) from Upper Missis- 
sippian strata of the Illinois Basin, North America. The 
medium bowl-shaped cup of D. vastus is an interme- 
diate form between the more primitive high-bowl or 
medium-globe shape of D. catillus n. sp. and the ad- 
vanced low-bowl shape of D. ?invaginatus n. sp., al- 
though it occurs stratigraphically below both species. 
The arm girdle or constriction of the arms above the 
radials in the enclosed position (Webster and Lane, 
1967) is a common morphologic feature of most cro- 
myocrinids and some other late Paleozoic cladids and 
articulates (Webster and Jell, 1999b). 

Dicromyocrinus vastus belongs to the more primi- 
tive group of the genus with a rounded base but shows 
a slightly advanced condition with a shallow basal in- 
vagination involving the proximal parts of the infra- 
basal circlet and variation in the anals. The anals show 
variation from the normal primitive oblique to slightly 
advanced position with the primanal not in contact 
with the BC basal and the distal tip nearly at the radial 
summit. Variation in the anals is common in other gen- 
era of the cromyocrinids, such as Ulocrinus as illus- 
trated by Wright (1927). 

Preservation of the specimens differs with the for- 
mation. The two cups from a horizon between the Has- 
si Kerma Formation and Djenien Member are uncru- 
shed, replaced with iron oxide, and have a shiny to 
dull ferruginous brown appearance. Specimens from 
the El Guelmouna Member are partial crowns (lacking 
the arms above the proximal secundibrachial or two), 
abraded, solution etched, slightly distorted from com- 
paction, and weather a dull gray to gray-brown. The 
cup from the Mouizeb el Atchane Member is uncru- 
shed, retains two primibrachials, is abraded, and 
weathers a polished light gray-tan. The species ranges 
through the Serpukhovian. 

Material.—Twenty-two specimens. Holotype (RGM 
361 266), paratype 1 (RGM 361 267), paratype 5 
(RGM 361 271), paratype 6 (RGM 361 272), and 15 
other specimens (lot RGM 290 876) from the marly 
limestone above DZ12 of the El Guelmouna Member, 
El Guelmouna Formation, Mississippian (Serpukhov- 


ian, El), at Djenien, east of Palmeraie de, before the 
pass, Béchar; Winkler Prins collection. Paratypes 2 
and 3 (RGM 361 268; RGM 361 269) found between 
the Hassi Kerma Formation and Djenien Formation 
(Tagnana Formation?), Mississippian (Serpukhovian, 
E2), Tiberbatine Anticline, east side of Oued Guir; 
Pareyn collection. Paratype 4 (RGM 361 270) from 
the Mouizeb el Atchane Member, Ain el Mizab For- 
mation, Mississippian (Serpukhovian, E2), at Djebel 
Arlal; Legrand-Blain collection. 

Etymology.—From the Latin vastus, meaning des- 
olate or vast, in reference to the region wherein the 
specimens were found. 


Dicromyocrinus catillus, new species 
Plate 13, figures 10—12 


Diagnosis.—Distinguished by the combination of 
low bowl shape and fine anastomosing ornament. 

Description.—Cup low bowl-shaped, width (16.3 
mm) more than twice height (6.8 mm), widest at basal 
apices, very shallow basal invagination, walls in- 
curved at radial summit, sutures impressed, all plates 
ornamented with fine low anastomosing irregular ridg- 
es. Infrabasal circlet 8.1 mm diameter, subhorizontal, 
not visible in lateral view. Infrabasals 5, slightly wider 
(4.0 mm) than long (3.8 mm). Basals 5, wider (7.9 
mm) than long (5.7 mm), strongly convex transversely 
and longitudinally, horizontal proximally, vertical dis- 
tally. Radials 5, width 8.4 mm, length 4.9 mm, strong- 
ly convex transversely and longitudinally, widest be- 
tween apices of basals. Radial facets plenary, subhor- 
izontal, deep, abraded. Anals 3, in primitive arrange- 
ment. Primanal largest, 5.8 mm long, 3.9 mm wide, in 
oblique position, pentagonal, adjoins C radial, BC and 
CD basals, secundanal and tertanal. Secundanal elon- 
gate, 4.5 mm long, 2.6 mm wide, distal half extends 
above radial summit. Stem impression circular, 2.5 mm 
diameter; lumen pentagonal. 

Remarks.—The cup of Dicromyocrinus catillus n. 
sp. has been slightly distorted normal to the plane of 
symmetry, giving it a slightly lop-sided appearance in 
lateral view. Weathering has obliterated the fine details 
of the articular facets, which had a transverse ridge, 
outer ligament pit, and inner muscle areas. Vermiform 
ornament is not the coarse nodose ornament normally 
developed on Dicromyocrinus (Webster, 1981). This 
specimen belongs to the low-bowl lineage of Dicro- 
myocrinus, Which evolved from the high-bowl form. 
The low bowl combined with the fine anastomosing 
ornament distinguishes D. catillus from all other spe- 
cies of the genus. 

Material.—Holotype (RGM 361 273), from the up- 
per part of the Hassi Kerma Formation, Pennsylvanian 
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(Bashkirian), at Oglat Hamia; Legrand-Blain collec- 
tion. 

Etymology.—From the Latin catillus, meaning 
bowl, in reference to the shape of the cup. 


Dicromyocrinus? invaginatus, new species 
Plate 13, figures 13-16; Plate 17, figures 9-14 


Diagnosis.—Distinguished by the combination of 
the moderate to deep basal invagination and coarse 
nodose ornament. 

Description.—Cup medium flat-bottomed bowl- 
shaped, incurved slightly at distal tips of radials, mod- 
erate to deep basal invagination; all cup plates bear 
coarse nodose ornament; apical pits moderate, sutures 
moderately impressed. Infrabasal circlet horizontal 
proximally, forming vertical walls of invagination me- 
dially, slightly outflaring distally, all within basal in- 
vagination. Infrabasals 5, dart-shaped, not visible in 
lateral view. Basals 5, equidimensional, hexagonal or 
septagonal (BC and CD basals only) where in contact 
with anals, strongly convex longitudinally, moderately 
convex transversely, proximal tip in basal invagina- 
tion, medially form base of cup recurving upward and 
outflaring distally forming lower half of cup wall. Ra- 
dials 5, much wider than long, widest very slightly 
below radial summit, moderately convex longitudinal- 
ly and transversely, incurving slightly distally, form 
upper half of cup wall. C radial with shortened side 
adjacent to anal series; C and D radials not as wide as 
A, B, and E radials. Radial facet plenary, wide outer 
ligament area, moderately deep ligament pit, straight 
transverse ridge, wide muscle areas. Anals 3, primitive 
or slightly advanced position; primanal largest, hex- 
agonal, oblique, in contact with C radial, BC and CD 
basals, D radial, secundanal, and supports tertanal; se- 
cundanal pentagonal, directly above but not in contact 
with CD basal, more than half above radial summit, if 
hexagonal in contact with CD basal; tertanal smallest, 
pentagonal, two-thirds above radial summit. Arms un- 
known. Stem facet circular, crenularium half radius. 
Measurements given in Table 12. 

Remarks.—The generic assignment of Dicromy- 
ocrinus? invaginatus n. sp. is tentative because speci- 
mens have a moderate to deep basal invagination that 
includes the proximal ends of the basals. As recog- 
nized by Webster (1981), Dicromyocrinus may have a 
slightly upflared or slightly invaginated base. No spe- 
cies assigned to the genus has a moderate to deep basal 
invagination. None of the other cromyocrinids in the 
Late Carboniferous with three anals and a moderate to 
deep basal invagination has ornament. The moderate 
to deep basal invagination is an advanced evolutionary 
character. If all of these specimens had two anals, they 
would possibly be assigned to Ethelocrinus, which has 
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Table 12.—Measurements in mm for Dicromyocrinus? invagina- 
tus n. sp. 


Type 


Holotype Paratype | 


Spec. no. (RGM) 


361 281 361 282 

Cup length 8.7 8.2 
Cup width 19.0 16.9 
Diameter infrabasal circlet 5 4 

Basal length 7.6 6.2 
Basal width 8.3 6.2 
Radial length 6.4 5.8 
Radial width 10 9.2 
Diameter stem facet D: 0.9 
Length basal invagination | 1.6 


a shallow to moderately deep invagination. Variation 
in the position of the anals suggests mosaic evolution 
was occurring within D.? invaginatus: three specimens 
show the primitive position with the secundanal in 
contact with and directly above the CD basal, whereas 
two specimens show the slightly advanced position 
with the secundanal directly above, not in contact with 
the CD basal. The arms are unknown on the specimen, 
which is another reason to question the generic as- 
signment, because Dicromyocrinus has 10. uniserial 
arms and Ethelocrinus has 16 to 18 biserial arms 
(Webster, 1981). With future collecting we would not 
be surprised to see specimens found with three anals 
and 16 to 18 biserial arms. 

Both Dicromyocrinus and Ethelocrinus have similar 
ornament. Dicromyocrinus may be divided into two 
clades based on fine or coarse ornament. These spec- 
imens belong to the coarse ornament clade of Dicro- 
myocrinus as recognized by Webster (1981). 

All specimens are dorsal cups, lacking the arms and 
stem, and most ornament has been lost by abrasion or 
solution. The holotype (RGM 361 281) and one of the 
non-type (RGM 290 858) specimens have one radial 
missing. The smallest specimen (RGM 290 856) lacks 
the anals and three radials. 

Material.—Five specimens: Holotype (RGM 361 
281) and paratypes | and 2 (RGM 361 282, RGM 361 
283) and two other specimens (RGM 290 856, RGM 
290 858) from the Oued Bel Groun Formation, Penn- 
sylvanian (Moscovian), Bed M1 (Deleau, 1951), from 
Béchar-Djerid, immediately south of Béchar; Winkler 
Prins collection. 

Etymology.—From the Latin in, into, and vagina, 
sheath, and refers to the basal invagination. 


Dicromyocrinus? sp. 

Plate 13, figures 1—S 
Remarks.—One disarticulated radial (RGM 361 
274, 7.3 mm long, 12.0 mm wide), two BC basals 
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(RGM 361 275, 14.2 mm long, 19.8 mm wide: RGM 
361 276, 11.4 mm long, 14.3 mm wide), three non- 
BC basals (RGM 361 277, 11 mm long, 13.0 mm 
wide; RGM 361 278, 12.2 mm long, 15.4 mm wide; 
RGM 361 279, 11.1 mm long, 12.7 mm wide), and 
one partial infrabasal circlet (RGM 361 280, 15.6 mm 
in diameter); all bearing fine granular ornament that 
grades into a vermiform ornament are tentatively re- 
ferred to Dicromyocrinus, based on several criteria. 
The basals and radials are convex transversely and lon- 
gitudinally. Radials are widest at the basal apices, nar- 
row upward and wedge inward with plenary radial fac- 
ets, as on Aaglaocrinus, Dicromyocrinus, and other 
cromyocrinids. The infrabasal circlet is upflared gently 
distally and was barely visible in lateral view, based 
on the curvature of the basals and radials. Three anals 
are in the cup in primitive arrangement, which is 
shown by the presence of an extra facet for the pri- 
manal articulation on the two BC basals positioned 
between the radial-tertanal facet, within the radial cir- 
clet, and the BC-CD basals suture below. The radial 
facets are plenary, subhorizontal, and deep. The trans- 
verse ridge is narrow and plenary; the outer ligament 
pit is shallow, narrow, and 0.7 length of transverse 
ridge. The outer ligament ridges are narrow, sharp 
crested, and divided by a narrow shallow furrow. The 
muscle areas are wide with furrows adoral to the trans- 
verse ridge. The stem facet is round (5.5 mm diameter) 
and has a pentalobate lumen. Based on the above fea- 
tures the cup would have had a medium globe shape. 
This fits the primitive lineage of Dicromyocrinus with 
a convex base. 

Material.—Seven specimens: One radial (RGM 361 
274), two BC basals (RGM 361 275, RGM 361 276), 
three non-BC basals (RGM 361 277—RGM 361 279), 
and one infrabasal circlet (RGM 361 280) from the 
lower part of Hassi Kerma Formation, Pennsylvanian 
(Bashkirian), at Djebel Béchar; Legrand-Blain collec- 
tion. 


Genus MOOREOCRINUS Wright and Strimple, 
1945 


Mooreocrinus glomerosus, new species 
Plate 13, figures 17—26 


Diagnosis. —Distinguished by the combination of 
less impressed sutures and lower cup with more round- 
ed base. 

Description.—Cup medium bowl-shaped, wider 
(15.0 mm average) than long (8.5 mm), base flat to 
shallow basal invagination, sutures flush to slightly im- 
pressed, base walls rounded, distal walls vertical, no 
ornamentation. Infrabasal circlet subhorizontal with 
shallow central invagination, 6.1 mm diameter, central 
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stem impression moderately deep. Infrabasals 5, dart- 
shaped, slightly longer (2.9 mm) than wide (2.6 mm), 
not visible in lateral view, downflaring proximally, 
horizontal distally. Basals 5, wider (5.8 mm) than long 
(5.2 mm), gently convex transversely and longitudi- 
nally. Radials 5, largest plates in cup, 8.1 mm wide, 
5.3 mm long, gently convex transversely and longi- 
tudinally. Radial facets plenary; transverse ridge nar- 
row, sharp crested; outer ligament pit 4% length trans- 
verse ridge, deep, slopes under ridge; outer marginal 
ridge with transverse ridges and grooves across facet; 
outer margin shelf moderately wide centrally, crescent- 
shaped; muscle areas not exposed. Anals large, in 
primitive position. Primanal largest, 5.6 mm long, 4.0 
mm wide, oblique position, adjoined by C radial, BC 
and CD basals, secundanal, and tertanal. Secundanal 
elongate, 5 mm long, 3.7 mm wide, distal half above 
radial summit. Axillary primibrachial wider (8.4 mm) 
than long (5.2 mm), strongly convex transversely, 
gently convex longitudinally; primibrachials unequal 
in length, A longest, C and D second longest, B and 
E shortest. First secundibrachial wider (4.5 mm) than 
long (3.2 mm), strongly convex transversely, straight 
longitudinally. Arms 2 per ray, 10 in total if no branch- 
ing occurs above primibrachial. Stem round, 2.7 mm 
(average) diameter; lumen pentagonal. Columnals het- 
eromorphic, noditaxis N1 at least; latus rounded. 

Remarks.—The holotype (RGM 361 284) of Moor- 
eocrinus glomerosus n. sp. 1s distorted slightly and re- 
tains parts of the D, E, and A ray arms up to the sixth 
secundibrachial as well as the proximal columnal. 
Paratype | (RGM 361 285) is a cup with the E, A, 
and B ray primibrachials and one of the first secun- 
dibrachials in the E and A rays. In addition it retains 
the proximal three columnals. Paratype 2 (RGM 361 
286) is a crushed partial crown with distorted proximal 
parts of the arms and three proximal columnals. Para- 
type 3 (RGM 361 287) is a ferruginous-replaced cup. 

Mooreocrinus glomerosus lacks the moderately to 
deeply impressed sutures of M. mendesi (Lane, 1964), 
M. wilburni Strimple and Watkins (1969) and M. gem- 
inatus (Trautschold, 1867). It is most similar to M. 
magdalenensis Strimple, 1975b, but has a relatively 
lower cup and more rounded base with less of the 
basals in the vertical cup walls. 

This is the first report of Mooreocrinus from the 
Mississippian. It is also the first report of the genus 
from North Africa. 

Material.—Four specimens: Holotype (RGM 361 
284) and paratype 3 (RGM 361 287), from the El Har- 
rada Member, Ain el Mizab Formation, Mississippian 
(Serpukhovian, El), at Cirque de Tagnana (Ued Nark- 
la); paratypes | and 2, (RGM 361 285, RGM 361 286) 
from the Mouizeb el Atchane Member, Ain el Mizab 
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Formation, Mississippian (Serpukhovian, E2), at Ra- 
vine de Djenien; Pareyn collection. 

Etymology.—Latin, meaning like a ball, referring to 
the bowl-shaped cup. 


Genus METACROMYOCRINUS Strimple, 1961 


Metacromyocrinus? sp. 
Plate 15, figures 1—4 


Description.—Cup globose, small, length 6.2 mm, 
width 9.0, all plates with vermiform ornament; apical 
depressions shallow, deeper at radial-basal apices than 
basal-infrabasal apices. Infrabasals 5, dart-shaped, 
length 3.2 mm, width 2.4 mm, gently convex longi- 
tudinally and transversely, proximally bear 1.2 mm 
shallow invagination for stem attachment, distally up- 
flared, visible in lateral view. Basals 5, moderately 
large, length 3.9 mm, width 4.3 mm, hexagonal, except 
BC and CD basals septagonal in contact with anals, 
moderately convex longitudinally and transversely, 
form maximum width of cup. Radials 5, nearly twice 
as wide as long, length 3.7 mm, width 4.9 mm, nar- 
rowing distally, moderately convex longitudinally and 
transversely, incurved distally. Radial facets plenary, 
slope gently inward. Anals 3, normal position; pri- 
manal elongate pentagonal, length 3.7 mm, width 1.9 
mm, supporting tertanal on left upper shoulder. Secun- 
danal directly above posterior basal, length 2.6 mm, 
width 1.6 mm, distal half above radial summit. Stem 
and arms unknown. 

Remarks.—The cup of Metacromyocrinus? sp. is 
abraded but still shows vestiges of the vermiform or- 
nament. The arms, tegmen, and stem are not pre- 
served. Although this is probably a new species, pres- 
ervation precludes using the specimen for a holotype. 
It is tentatively assigned to the genus, because of the 
preservation. 

Material.—Figured specimen (RGM 290 860) from 
the Oued Bel Groun Formation, Pennsylvanian (early 
Moscovian), bed M13 (Deleau, 1951), east? of Oglad 
Hamia, Kenadza; Winkler Prins collection. 


Genus MATHERICRINUS Webster, 1981 


Remarks.—Termier and Termier (1950) described 
Parulocrinus wallacei recognizing variation in the cup 
shape and questioned whether it should be assigned to 
Ulocrinus or Parulocrinus. Webster (1981) recognized 
variation in the cup shape from globose to an elongate 
urn as is common in Mathericrinus, Parulocrinus, and 
Ulocrinus. Furthermore, some species assigned to each 
of these three genera show variation in the number of 
anals from three to two. These three genera are dif- 
ferentiated by ornamentation on cup plates in Math- 
ericrinus, the other two genera lacking ornamentation, 
and Ulocrinus having 10 arms while Parulocrinus has 
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14 to 18 arms. Some species that have been assigned 
to each of these genera are based on cups, lacking the 
arms, so that their generic assignments are uncertain, 
especially for the unornamented species. Mathericri- 
nus ranges from the Early to Middle Pennsylvanian 
and is known from the United States and China. U/- 
ocrinus ranges from Middle into early Late Pennsyl- 
vanian and is known only from the United States. Pa- 
rulocrinus ranges from Middle Pennsylvanian into 
Early Permian and is known from the United States 
and Brazil (Webster, 2003). 


Mathericrinus wallacei (Termier and Termier, 
1950), new combination 
Plate 13, figures 6-9; Plate 14, figures 1-24 


Parulocrinus wallacei Termier and Termier, 1950, pp. 100-101, pl. 


Diagnosis.—Distinguished by fine granular to 
aligned granular and anastomosing ornament. 

Description.—Cup flat based medium bowl to elon- 
gate urn shape, widest at basal apices, fine granular to 
aligned granular and anastomosing ornament, may 
have secondary ornament of 2 or 3 narrow ridges re- 
stricted to distal parts of plates aligned with corre- 
sponding ridges on adjacent plates but never extending 
across the central part of the plates, sutures slightly to 
moderately impressed, plates slightly inflated. Infra- 
basal circlet relatively large, horizontal proximally, 
weakly to moderately upflared distally. Infrabasal 
plates 5, dart shaped, distal tips not visible to barely 
to obviously visible in lateral view. Basals 5, large, 
form lower half of cup wall, moderately convex lon- 
gitudinally and transversely, proximally may be hori- 
zontal forming part of base of cup or outflaring form- 
ing base of wall, distally vertical; BC basal heptagonal 
for contact with primanal on upper left shoulder, all 
other basals hexagonal. Radials 5, large, wider than 
long, widest between basal apices, moderately convex 
longitudinally, moderately convex transversely, verti- 
cal to slightly inflared distally. Radial facet plenary, 
slopes inward slightly. Radial facet deep, inner part of 
outer ligament furrow and outer ligament ridge dentic- 
ulate; ligament pit shallow; transverse ridge denticu- 
late on lateral two-thirds; wide triangular muscle areas 
slope downward toward intermuscular furrow; central 
pit trifurcate at transverse ridge. Anals 2 or 3, variable 
positioning, in slightly (tertanal barely in contact with 
primanal) to strongly advanced (tertanal not in contact 
with primanal, virtually out of cup) primitive condi- 
tion. Primanal largest; normally pentagonal in contact 
with C radial, BC and CD basals, secundanal, and ter- 
tanal; quadrangular when not in contact with tertanal. 
Secundanal longer than wide, narrow suture with CD 
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Table 13.—Measurements in mm for Mathericrinus wallacei n. comb. 
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Spec. no. (RGM) 


361 291 361 288 361 289 361 290 316 292 

Cup length 9.1 10.1 12.3 11333 14.4 
Cup width 17.5 15 1335 19.3 213) 
Diameter infrabasal circlet 7.8 The 7.8 Oe 11 

Basal length 6.7 i) 6.5 8.7 OF 
Basal width 8.2 7A 7 10 11.3 
Radial length BSS) 8 5.4 es 8.9 
Radial width 9.2 S22 6.7 10 11.4 
Primanal length 5.6 5.6 6 We 7.8 
Primanal width 4.7 4 3.6 5 5:9 
Stem facet diameter ee 2:5 Dis]: 2 4.1 


basal, distal 4 above radial summit. Tertanal smallest, 
narrow suture with primanal when in contact, other- 
wise V-shaped proximally, widening distally, mostly 
to entirely above radial summit. Stem facet slightly 
impressed, circular, wide crenularium, no areola, pen- 
talobate axial canal. Arms and stem unknown. Mea- 
surements given in Table 13. 

Remarks.—The presence of fine granular to aligned 
granular and anastomosing ornament distinguishes 
Mathericrinus wallacei n. comb. from other species 
assigned to the genus, all of which have different types 
of ornament. Ornamentation is commonly weathered 
and completely to mostly lost on specimens of M. wal- 
lacei. Those specimens with the ornament preserved, 
however, have variation in the degree of development 
or lack of the secondary ridges passing across plate 
boundaries. On several specimens weathering has ac- 
centuated the aligned ridges extending onto adjacent 
plates and suturing along plate boundaries. Fracturing 
along rhombohedral cleavage planes resulted in the 
loss of parts of some plates on a few specimens. Math- 
ericrinus wallacei is most similar to M. percultus, 
which has radial ridge ornament, lacking granular or- 
nament. 

Parulocrinus wallacei is transferred to Mathericri- 
nus because the cup is ornamented; Parulocrinus lacks 
ornamentation. Loose cup plates assigned to P. wal- 
lacei by Termier and Termier (1950, pl. 22, figs. 14— 
22) are tentatively assigned to M. wallacei. In partic- 
ular the radials illustrated in figures 16, 19 and 21 may 
belong to three different taxa, based on drawings of 
the radial facet. No type was designated by the Ter- 
miers and we have been unable to locate the original 
figured specimens. Without seeing the original speci- 
mens we are unwilling to designate a lectotype. If the 
Termier specimens are lost, one of the specimens des- 
ignated | to 6 below could be designated a neotype. 
The above diagnosis and description are given because 


the brief comments given in the original description 
are inadequate to define the species. 

Variation in the cup shape of Mathericrinus wal- 
lacei ranges from a flat-based medium bowl (RGM 
361 292) with the infrabasal circlet confined to the 
base to a higher medium globe (RGM 361 288) with 
the infrabasal circlet gently to moderately upflared 
and visible in lateral view. Maximum width of the 
cup shifts from the radial summit or slightly below 
on the medium-bowl cups to the proximal tip of the 
radials on the globe-shaped cups. The medium bowl 
cups are very similar in shape to cups of Dicromy- 
ocrinus. These cups are assigned to M. wallacei be- 
cause cups with intermediate shape and bearing the 
same ornamentation and anals variation are present in 
the collections. 

Although the anals are closely similar, they show 
progressive elimination of the tertanal from the cup, 
with most specimens having the tertanal resting on 
the primanal, rarely widely (RGM 361 289; RGM 
361 293), commonly narrowly (RGM 361 291; RGM 
361 292). The most advanced forms have the tertanal 
nearly out of the cup (RGM 361 288; RGM 361 290), 
not in contact with the primanal, and some could al- 
most be considered to have two anals in the cup be- 
cause only the proximal tip is below the radial sum- 
mit. 

Material.—Twenty-nine specimens. All specimens 
except specimen 5 are from the Oued el Hamar For- 
mation, Pennsylvanian (late Bashkirian), Pareyn col- 
lection. Specimen | (RGM 361 288), specimen 2 
(RGM 361 289), specimen 6 (RGM 361 293), speci- 
men 7 (RGM 361 294) one listed specimen (RGM 361 
295), one specimen (RGM 361 298), three specimens 
(RGM 361 300), two specimens (RGM 361 301), and 
three specimens (RGM 361 302) from the upper part 
of Oued el Hamar Formation, Foum ech Cheguiga. 
Specimen 3 (RGM 361 290) from an undesignated part 
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of the Oued el Hamar Formation, at Chebket Khouabi. 
Specimen 4 (RGM 361 291), two specimens (RGM 
361 299) and five specimens (RGM 361 304) from 
undesignated part of the Oued el Hamar Formation, 
south of Teniet Aissa ben Azzi. Specimen 5 (RGM 361 
292) from the upper part of the Hassi Kerma Forma- 
tion, Pennsylvanian (Bashkirian), at Oglat Hamia; Le- 
grand-Blain collection. Specimen 8 (RGM 361 296), 
specimen 9 (RGM 361 297), and three specimens 
(RGM 361 303) from an undesignated part of the 
Oued el Hamar Formation, on the north flank of Cheb- 
ket Mennouna. 


Genus UREOCRINUS Wright and Strimple, 1945 


Type species.—Ureocrinus bockschii Geinitz, 1846. 

Remarks.—The shapes of species of Ureocrinus 
range from globose to high globe or vase, with the 
majority of species being a medium globe. The high- 
globe or vase shape is similar to the high-cone shape 
of Hydriocrinus. Differences in arm structure and anal 
arrangement, however, are sufficient to distinguish 
these taxa. Lane ef al. (2001) removed all Devonian 
species from Hydriocrinus. See remarks under Hydrio- 
crinus? confusus for comments on the Late Carbonif- 
erous species of the genus. 


Ureocrinus commus, new species 
Plate 15, figures 9-13 


Diagnosis.—Distinguished by the presence of gran- 
ular to vermiform ornament. 

Description.—Cup high vase-shaped, base narrow, 
widest at lowermost tips of radials, distal tips of ra- 
dials incurved; length 14.8 mm; width 10.7 mm min- 
imum, 12.1 mm maximum, 11.5 mm average; all 
plates with granular to vermiform ornament tending 
to discontinuous to continuous ridges parallel to sides 
of plates giving appearance of growth rings. Infra- 
basals large, longer (7.3 mm) than wide (4.2 mm), 
dart-shaped, straight longitudinally, moderately con- 
vex transversely; proximal tips horizontal forming 
base of cup, covered by proximal columnals; distal %4 
upflared, forming basal % of cup; C ray infrabasal 
slighly wider (5.4 mm) than others. Basals 5, longer 
(7.5 mm) than wide (6.6 mm), moderately convex 
longitudinally and transversely, 4 hexagonal, 3 with 
2 equal upper edges; CD basal hexagonal with elon- 
gated upper right shoulder in full contact with longest 
edge of primanal, slightly longer than all basals ex- 
cept BC basal; BC basal heptagonal, in full contact 
on upper left shoulder with short edge of radianal, 
slightly longer than all other basals. Radials 5, slight- 
ly convex longitudinally, moderately convex trans- 
versely; A and E wider (6.2 mm) than long (5.5 mm), 
B and C about as wide as long, D slightly longer than 
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wide; posterior sides of C and D radials project slight- 
ly higher than, and bottoms of radials not as low as, 
other radials to accommodate cup anals. C radial hex- 
agonal, all others pentagonal, narrowing slightly dis- 
tally. Radial facets poorly preserved, plenary, outer 
margin slightly convex, transverse ridge straight. An- 
als 3. Radianal largest, hexagonal, length 5.3 mm, 
width 3.9 mm. Secundanal small, length uncertain, 
width 2.2 mm, situated in notch on left shoulder of 
primanal and right shoulder of D radial, projecting 
above radial summit. Tertanal pentagonal, not pre- 
served, space smaller than secundanal, above priman- 
al, projecting above radial summit. Proximal colum- 
nal subpentagonal, diameter 3.2 mm, crenulate latus, 
lumen weakly pentalobate, crenularium narrow, ap- 
proximately % radius of facet. Arms and tegmen not 
preserved. 

Remarks.—The cup of Ureocrinus commus n. sp. 1s 
well preserved and compares most closely in shape 
with U. doliolus (Wright, 1936). It differs from all spe- 
cies of Ureocrinus, however, by having ornamentation. 
Parts of two primibrachials, lacking the exterior sur- 
faces, are in the oral cavity. Their position suggests 
that there were gapes along the radial-primibrachial 
suture. 

Material.—Holotype (RGM 290 873) from marly 
limestone above DZ12, El Guelmouna Member, El 
Guelmouna Formation, Mississippian (Serpukhovian, 
E1), at Djenien, east of Palmeraie de, before the pass, 
Béchar; Winkler Prins collection. 

Etymology.—From the Greek kommos meaning or- 
namentation. 


Cromyocrinid? indeterminate 
Plate 15, figure 19 


Description.—Partial cup, medium cone shape, 
large (minimum 17 mm long, 27 mm wide); sutures 
impressed, stitched, plates thick. Infrabasal circlet (5 
plates), large (18.2 mm diameter); deep round basal 
invagination. Distally infrabasals form cup base and 
walls, visible in lateral view. Basals very wide, out- 
flaring. Radials large, outflaring, facets plenary. Anals 
uncertain, minimum 2 1n cup, probably 3, in primitive 
position. Stem and arms unknown. 

Remarks.—The fractured and slightly distorted cup 
of this indeterminate cromyocrinid? is embedded in 
dark red calcareous shale. The impressed stitched su- 
tures and thick plates suggest relationship with the 
cromyocrinids. Most cromyocrinids have bowl- in- 
stead of cone-shaped cups, and most do not have a 
deep basal invagination. This specimen may represent 
a new genus but is of insufficient quality to serve as 
a holotype. 

Material.—One cup (RGM 361 305) from the Maz- 
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zer Formation, Mississippian (late Viséan), Mader El 
Madyid (syncline bed 13, Pareyn, 1961); Pareyn col- 
lection. 


Superfamily PERASOCRINACEA Moore and 
Laudon 1943 


Family LAUDONOCRINIDAE Moore and 
Strimple, 1973 


Genus PAIANOCRINUS Strimple, 1951b 


Paianocrinus? carinatus, new species 
Plate 15, figures 16-18 


Diagnosis.—Distinguished by isotomous arm 
branching. 

Description.—Crown elongate (53.6 mm long), 
flared medially (35.6 mm wide, average), flattened 
along C-E rays, more than 40 arms. Cup low bowl- 
shaped, 6.9 mm high, 16.4 mm wide (average), base 
faintly convex, walls widely flared. Infrabasal circlet 
small, 5.5 mm diameter, horizontal to faintly upflared. 
Infrabasals 5, small, 3.6 mm wide, covered proximally 
by proximal columnal. Basals 5, small, 4.3 mm long, 
5.0 mm wide, gently convex transversely, straight lon- 
gitudinally. Radials 5, dominant plate in cup, 5.4 mm 
long, 8.7 mm wide, gently convex transversely, 
straight longitudinally. Radial facets peneplenary, with 
short narrow deep outer ligament pit and narrow outer 
margin, remainder not exposed. Anals 3, in primitive 
oblique position. Primanal equidimensional, 4.2 mm 
wide and long (may be partly eroded on proximal 
end); secundanal largest, elongate, 4.7 mm long, 4.1 
mm wide, distal half above radial summit; tertanal 
smallest, proximal 4% below radial summit. Primibra- 
chials wider (8.2 mm) than long (6.6 mm), moderately 
convex transversely, gently convex longitudinally, var- 
iable height with A ray shortest, C and D rays longest, 
all axillary. First secundibrachials wider (5.2 mm) than 
long (3.2 mm), strongly convex transversely, straight 
longitudinally. All higher brachials wider than long, 
strongly convex or angular transversely. All brachials 
rectilinear, above secundibrachials bear medial ridge 
which may grade into a very short blunt spine on distal 
end. All branchings isotomous on single primibrachial, 
secundibrachials 3 to 5, tertibrachials 4 or 5, quarti- 
brachial 8. Last branching in E ray only, may be ab- 
normal. Normally 8 arms per ray, 41 total. Tegmen 
unknown. Stem facet round, 3.8 mm diameter; axial 
canal pentagonal. 

Remarks.—Width of the radial facet varies with al- 
most plenary (least peneplenary) facets of the A and 
B rays, more peneplenary E ray, and most peneplenary 
D ray of Paianocrinus? carinatus n. sp. The C-ray 
radial is not preserved. Variation in relative width of 
the radial facets on a single specimen is highly unusu- 


al. Generally only slight variation is observed among 
specimens of the same species. All arm branching is 
isotomous except in the E ray. The last branching in 
the E ray is endotomous, occurring only on the adanal 
side of the adanal half ray. It is possible that this is an 
abnormal branching or repair of an injury. 

Classification of this crown is difficult because the 
cup has affinity with the Laudonocrinidae (possessing 
peneplenary radial facets, low bowl shape, and three 
anals); however, all arm branching except in the E ray 
is isotomous (the laudonocrinids have exotomous 
branching after the first branchial). The brachials re- 
semble those of Exocrinus Strimple, 1949, but that ge- 
nus has plenary radial facets. 

We assign P.? carinatus to the genus Paianocrinus 
only tentatively because the shape of the brachials is 
quite different and is perhaps of generic significance. 
The brachials of P. durus are thinly rectilinear (wider 
than long) and broadly convex transversely. Axillary 
brachials are strongly tumid, bearing distinct protu- 
berances, with the primibrachials bearing short blunt 
spines. The rectilinear brachials of P.? carinatus are 
relatively longer and bear an angular longitudinal me- 
dian ridge. Axillary brachials lack the protuberance or 
short spine. The brachials of P. aptus are similar to, 
but lack the strong tumidity and short spines of P. 
durus. 

The family description for the Laudonocrinidae by 
Moore et al. (in Moore and Teichert, 1978) stated that 
the arms are endotomous. The arms, however, are 
known for only three (Anchicrinus, Paianocrinus, 
Schistocrinus) of the six genera assigned to the family. 
Under the diagnosis of Paianocrinus, the arms are list- 
ed (ibid.) as isotomous. Either the diagnosis of the 
family needs revision, or Paianocrinus does not be- 
long in the family. The cup of Patanocrinus fits the 
diagnosis for the Laudonocrinidae, but there is no rec- 
ognized family that matches both cup and arm mor- 
phology. 

We believe that there are major taxonomic problems 
within several families of the “‘poteriocrinines”’ that 
involve the arm structure. Genera of the Laudonocrin- 
idae whose arm structure is known are included within 
the taxa in need of reevaluation. Because this problem 
is beyond the scope of this report, we tentatively leave 
Paianocrinus in the Laudonocrinidae. Paianocrinus 
has been reported from Chesterian (Late Mississippi- 
an) strata of North America (Strimple, 1951b; Burdick 
and Strimple, 1983). 

Material.—One crown, holotype (RGM 361 306), 
from the basal part of the Djenien Member, Djenien 
Formation, Mississippian (early Serpukhovian, E2), at 
Djebel Béchar; Legrand-Blain collection. 

Etymology.—From the Latin carina, meaning keel 
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or ridge, referring to the longitudinal ridge along bra- 
chials. 


Superfamily ZEACRINITACEA Bassler and 
Moodey, 1943 


Family ZEACRINITIDAE Bassler and Moodey, 
1943 


Zeacrinitidae indeterminate | 
Plate 17, figures 32—35 


Description.—Cup discoid, 4.3 mm long to end ra- 
dial facets, 22.2 mm wide; deep (2.5 mm) basal in- 
vagination 10.2 mm wide; all cup plates with proximal 
ends in basal invagination. Infrabasals fused, confined 
to top of basal invagination, covered by proximal col- 
umnal externally. Basals 5, strongly convex longitu- 
dinally, concave transversely, longer than wide, distal 
tips in basal plane to barely upturned; posterior basal 
slightly longer, truncated distally for reception of sec- 
ond anal. Radials 5, 6.3 mm long, 11.4 mm wide, 
strongly convex longitudinally, moderately convex 
transversely, widely outflared. Radial facet plenary, 
slope outward at 45°; outer marginal ridge sharp, 
bounded internally by moderately deep narrow ver- 
miform-covered outer ligament furrow; outer ligament 
pit narrow, deep, approximately % facet width; trans- 
verse ridge full width of facet, vermiform surface, wid- 
ening toward center, then narrowing across center of 
outer ligament pit; muscle areas deep, wide, with ridge 
wider and higher toward center of facet; no central pit, 
area built up into an oval high continuing as a low 
intermuscular ridge admedially rather than intermus- 
cular furrow. Anals 3, primitive position. Primanal 
pentagonal, adjoining C radial, BC and CD basals, sec- 
ond and third anals. Second anal hexagonal, longer 
than wide, distal half extends above radial summit. 
Tertanal smallest, approximately equidimensional, dis- 
tal half extending above radial summit. Arms un- 
known. Stem facet indicates stem round transversely 
with narrow crenularium. Axial canal round. 

Remarks.—The cups of the three genera Zeacrinites, 
Alcimocrinus, and Parazeacrinites of the Zeacrinitidae 
are indistinguishable from one another. Differences in 
arm width and number in combination with the tegmen 
shape are the characters used to distinguish these gen- 
era. Unfortunately, the Algerian specimens of Zeacrin- 
itidae indeterminate | lack the arms and cannot be 
assigned to a genus. The specimens, which are of the 
same size and show the interiors, may represent a new 
species. 

Material.—Two specimens: Figured specimen 
(RGM 361 307) and unfigured cup (RGM 361 308) 
are from the El Harrada Member, Ain el Mizab For- 


mation, Mississippian (Serpukhovian, El), Cirque de 
Tagnana (Oued Narkla); Pareyn collection. 


Zeacrinitidae? indeterminate 2 
Plate 15, figure 14 


Description.—Crown elongate, 52.5 mm long (in- 
complete), 31.1 mm wide (average), crushed along bi- 
lateral symmetry plane, more than 40 arms, bearing 
large tegmen. Cup mostly lost. Radials 5, wider (11.1 
mm) than long (6.1 mm), gently convex transversely, 
faintly convex to straight longitudinally, radial facet 
plenary, not exposed. Anals 3, large, in primitive ar- 
rangement. Primanal pentagonal, 7.1 mm long, 6.1 mm 
wide, positioned oblique, adjoined by C radial, BC and 
CD basals, secundanal and tertanal, gently convex lon- 
gitudinally and transversely. Secundanal longer (6.6 
mm) than wide (6.0 mm), distal 74 above radial sum- 
mit. Anal interarea wide with large plates continuing 
exposure to tertibrach 2. Primibrachial wider (6.2 mm) 
than long (4.0 mm), gently convex longtudinally and 
transversely, axillary. Secundibrachial 1 wider (7.4 
mm) than long (5.9 mm), moderately convex trans- 
versely, straight to gently concave longitudinally. Se- 
cundibrachial 2 axillary. Tertibrachials through quin- 
quibrachials generally rectilinear, some slightly cune- 
ate, wider than long proximally becoming more equi- 
dimensional distally. All branching isotomous with last 
branching endotomous; branching on tertibrachial 3 or 
4, quartibrachial 4 or 5; 6 arms per half ray, 12 per 
ray, 60 total if branching is the same in all rays. Teg- 
men plates hexagonal, bulbous center, interconnecting 
stellate ridges between all plates; shape expanding dis- 
tally, top not preserved. 

Remarks.—The infrabasals and basals are not pre- 
served and weathering has destroyed much of the sur- 
face ornamentation of the partial crown of Zeacriniti- 
dae? indeterminate 2. Classification of the specimen is 
provisional. Most genera assigned to the Zeacrinitidae 
have large anal plates, a wide anal interarea, endoto- 
mous branching on all branchings after the first, a large 
elongate tegmen that expands into a mushroom shape 
distally (where known), and thin cuneate brachials. 
This specimen has the large anal plates and wide anal 
interarea, but the endotomous branching does not com- 
mence until the third branching. The elongate tegmen 
of unknown termination may have continued to ex- 
pand into a mushroom shape. The rectilinear brachials 
are not typical of most genera assigned to the zeacrin- 
itids but are known on Zeacrinites, which has a mush- 
room-shaped tegmen (Moore and Teichert, 1978). A 
taxonomic review of the Zeacrinitidae is needed to re- 
solve the significance of the numerous differences in 
arm types among the genera assigned to the family. 

Material.—One partial crown (RGM 361 309) from 
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the Ain Mezerelt Member, E] Guelmouna Formation, 
Mississippian (Serpukhovian, E1) at El Aouidja, sum- 
mit El Hamar 1; Legrand-Blain collection. 


Cladid indeterminate | 
Plate 17, figures 27-28 

Description.—Partial cup, lacking C radial and an- 
als; cup medium bowl shape, base shallow basal con- 
cavity, fine granular grading into vermiform and 
aligned ornamentation; plates slightly inflated. Distal 
tips of infrabasals horizontal, forming base of cup; 
basals and radials slightly outflaring. Radial facet ple- 
nary, moderately deep; transverse ridge denticulate, 
outer ligament furrow wide, moderately deep; liga- 
ment pit deep: muscle areas wide, upflaring distally. 
Facets on BC and CD basals indicate 3 anals in prim- 
itive position. Stem facet roundly pentagonal, im- 
pressed; lumen pentalobate. 

Remarks.—At first glance, this specimen of cladid 
indeterminate | is similar to some cromyocrinids. It 
lacks the sutured intracup facets of the cromyocrinids, 
however, and no cromyocrinid has a proximal roundly 
pentagonal stem. The cup is also similar to several 
genera of the scytalocrinids. Lacking the stem and 
arms, the specimen is not suitable to serve as a holo- 
type and is left in open nomenclature. 

Material.—One partial cup (RGM 361 310) from 
the upper part of the Oued el Hamar Formation, Penn- 
sylvanian (late Bashkirian), at Foum ech Cheguiga; 
Pareyn collection. 


Cladid indeterminate 2 
Plate 15, figures 5—8 


Description.—Intrabasal circlet 4 plates, 3 small, | 
large, steeply upflared, slightly concave longitudinally, 
19.4 mm diameter, base truncated, stem facet round 
(7.4 mm diameter); lumen roundly pentalobate, large 
(3 mm diameter). Columnals circular in transverse sec- 
tion; latus straight, smooth; symplectial articulation. 
Articulum full width of columnal; crenularium 4 ra- 
dius; culmina short, coarse, may branch on distal tip. 
Areola wide, diameter %4 columnal diameter, slightly 
concave to flat, margins recessed sharply. Perilumen 
very narrow at outer edge of lumen lobes, wide be- 
tween lobes; surface nodose where narrow, nodose to 
irregular culmina where wide. Lumen large, half col- 
umnal diameter, roundly pentalobate; jugula extended 
inward, moderately sharply pointed. Noditaxis pattern 
NI, alternating nodals and internodals. 

Remarks.—The infrabasal circlet and two of the 
pluricolumanls of cladid indeterminate 2 are weathered 
and etched. Ornamentation, if initially present, is lost 
on the infrabasal circlet, and plates are relatively thin. 
The stem facet matches the articulum of the pluricol- 
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umnals; thus the specimens are considered to belong 
to the same species. One holdfast segment judged to 
belong with these pluricolumnals has the same artic- 
ular facet with noditaxis pattern of NI and two to five 
cirri on each nodal. The diameter of the holdfast (4.3 
mm) is smaller than that of any of the other pluricol- 
umnals (7.9 to 12.3 mm diameter). The specimen may 
represent a stem that tapers distally, it could be a 
branchlet of a holdfast, or it may be from an immature 
specimen. 

The columnals could be assigned to Floricyclus, a 
genus reported from the Middle Mississippian (Osa- 
gean) to Late Pennsylvanian (Virgilian) of North 
America (Moore and Jeffords, 1968), the Tournaisian- 
Moscovian of Russia (Yeltyschewa and Polyarnaya, 
1975; Chernova and Stukalina, 1989), and the Viséan 
of Poland (Gluchowski, 1981). Chernova and Stukal- 
ina (1989) also recognized a Late Devonian species 
from Kazakhstan and a Carboniferous species from 
Mongolia and China. 

The Algerian specimens possibly belong to a bloth- 
rocrinid such as Moscovicrinus or Nebraskacrinus, 
both of which have large steeply upflaring infrabasal 
circlets. Nebraskacrinus also has a pentastellate lumen. 

Material.—Six specimens: One infrabasal circlet 
(RGM 361 311) and one holdfast segment (RGM 361 
312) are from the upper part of the Hassi Kerma For- 
mation, Pennsylvanian (Bashkirian), at Djebel Béchar; 
and four pluricolumnals RGM 361 313; lot of three 
specimens (RGM 361 314) from the lower part of the 
Hassi Kerma Formation, Pennsylvanian (Bashkirian), 
at Djebel Béchar; all Legrand-Blain collection. 


Cladid indeterminate 3 


Remarks.—A moderately large partial cup consist- 
ing of two radials, part of a third radial, one basal, and 
part of a second basal would have had a bowl shape. 
All plates bear densely spaced, wavy-aligned, medi- 
um-coarse, granular ornament, which may grade into 
short anastomosing ridges. Sutures are impressed and 
subhorizontal; radial facets are plenary. The ornament 
differs from all other ornamented taxa described herein 
by its medium size and dense occurrence on all plates. 
The cup belongs to an indeterminate cladid and is list- 
ed for faunal completeness. 

Material.—Partial cup (RGM 361 351) from upper 
part of the Akacha-Mazzer formations, Ioucha 18, 
Mississippian (late Viséan), southeast of Cirque du 
Meharez el Kébir; Pareyn collection. 


Cladid indeterminate 4 

Plate 17, figures 5—8 
Remarks.—A medium-sized basal and radial with 
nodose to vermiform ornament is strongly convex 
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transversely and longitudinally. The cup probably 
would have been bow] shaped with a basal impression. 
The basal is encrusted and the nodose ornament is 
nearly completely lost as a result of solution. This or- 
nament is very similar to, but coarser and more ver- 
miform than, that of Dicromyocrinus? sp. These spec- 
imens probably belong to a cromyocrinid. 

Material.—One basal and one radial (RGM 361 
342) from the upper part of the Hassi Kerma Forma- 
tion, limestone below level ML171, Pennsylvanian 
(Bashkirian), at Mouizeb El Atchane, 300 m north of 
the south gully, Béchar, Winkler Prins collection. 


Cladid indeterminate 5 


Remarks.—Cladid indeterminate 5 is a small thin- 
plated basal with granular to vermiform ornament. 

Material.—One basal (RGM 290 862) from the up- 
per part of the Hassi Kerma Formation, limestone be- 
low level ML171, Pennsylvanian (Bashkirian), at 
Mouizeb El Atchane, 300 m north of the south gully, 
Béchar, Winkler Prins collection. 


Cladid indeterminate 6 
Plate 17, figures 15-16 

Remarks.—Cladid indeterminate 6 is represented by 
a large (16 mm wide, 9.7 mm long) pentagonal radial 
with fine vermiform ornament and an_ externally 
rounded peneplenary facet. 

Material.—One radial (RGM 361 345) from the up- 
per part of the Hassi Kerma Formation, limestone be- 
low level ML171, Pennsylvanian (Bashkirian), at 
Mouizeb El Atchane, 300 m north of the south gully, 
Béchar, Winkler Prins collection. 


Cladid indeterminate 7 
Plate 17, figures 3, 4 
Remarks.—Cladid indeterminate 7 is represented by 
three small radials (1 mm wide, 5.3 mm long) and one 
axillary first primibrachial. All plates are deep, strong- 
ly rounded transversely, and the radial facet is pene- 
plenary. The exterior surface of the radials is solution 
etched and the primibrachial retains a small amount of 
fine vermiform ornament along one side. 
Material.—Three radials and one primibrachial 
(RGM 361 346) from the upper part of the Hassi Ker- 
ma Formation, limestone below level ML171, Penn- 
sylvanian (Bashkirian), at Mouizeb El Atchane, 300 m 
north of the south gully, Béchar, Winkler Prins collec- 
tion. 


Subclass FLEXIBILIA Zittel, 1895 


Order TAXOCRINIDA Springer, 1913 
Taxocrinid indeterminate 
Plate 16, figure 4 
Description.—Infrabasal and basal circlet relatively 
thick plated, gently upflared with projected CD basal 


for reception of primanal. Stem impression round, 
large (8.9 mm diameter), covering infrabasal circlet 
and proximal *% of basals. Lumen pentalobate. 

Remarks.—Flexible crinoids are not common in 
most Pennsylvanian crinoid faunas. Three Pennsylva- 
nian taxocrinids (Synerocrinus, Enascocrinus, Euony- 
chocrinus), however, have stem facets covering most 
of the basals as on this specimen of taxocrinid inde- 
terminate. Unfortunately, the lack of a more complete 
specimen prevents generic identification. 

Material.—One basal circlet (RGM 361 317) from 
the lower part of the Hassi Kerma Formation, Penn- 
sylvanian (Bashkirian), at Djebel Béchar; Legrand- 
Blain collection. 


Order SAGENOCRINIDA Springer, 1913 
Superfamily LECANOCRINACEA Springer, 1913 
Family MESPILOCRINIDAE Jaekel, 1918 
Genus CIBOLOCRINUS Weller, 1909 
Cibolocrinus africanus Strimple and Pareyn, 1982 
Cibolocrinus africanus Strimple and Pareyn, 1982, p. 231, fig. 2. 


Remarks.—Cibolocrinus africanus is based on three 
moderately well-preserved crowns showing the arms 
(Strimple and Pareyn, 1982). The genus is known from 
the Mississippian (Serpukhovian) of Algeria; Pennsyl- 
vanian (Morrowan) of the United States; Permian (Ar- 
tinskian) of the Ural Mountains, southwestern United 
States, and Bolivia; Permian (Wordian) of Sicily; and 
uncertain Permian horizons in Timor. 

Material.—Holotype and two paratypes 70.1147 
E2, top of Djenien Formation, Mississippian (Serpu- 
khovian, El), Chebket Djihani; Pareyn collection. 


Superfamily SAGENOCRINITACEA Roemer, 1854 


Family EURYOCRINIDAE Moore and Strimple, 
ISS 


Genus AMPHICRINUS Springer, 1906 


Amphicrinus formosus, new species 
Plate 16, figures 11—15 


Diagnosis.—Distinguished by the combination of 
the stem covering the infrabasals and proximal parts 
of the basals, no ornament, and fewer plates in the 
interray series. 

Description.—Crown ovoid bowl-shaped, medium 
size, length 30.3 mm, width 25.2 mm minimum, 40.8 
mm maximum, 33 mm average, plates thick, no or- 
nament. Cup very low bowl. Infrabasals covered by 
proximal columnal. Basals 5, small, distal tips project 
slightly beyond proximal columnal; posterior basal 
truncated distally for reception of primanal, extends 
above radial summit. Radials 5, 2.8 mm long, 6.8 mm 
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wide, gently convex longitudinally and transversely, 
heptagonal, adjoin interray plates on distal shoulders; 
radial facets plenary, concave transversely. Anals se- 
ries 1-?. Primibrachials 2, much wider than long, gent- 
ly convex longitudinally and transversely. First pri- 
mibrachial 3.7 mm long, 6.7 mm wide; axillary second 
primibrachial 3.5 mm long, 7.6 mm wide. Interray se- 
ries variable, |—2—1 or 1—1—1. Secundibrachials 3 or 4 
in each half ray, A ray 3 and 4, B ray unknown, C ray 
4 and 4, D and E rays 3 and 3. Intrasecundibrachial 
series variable, 1, 1-1, or 1—-2—1. Number of tertibra- 
chials varies from 4 to 8, most commonly 6. One ad- 
ditional branching of quartibrachial 7—11. First 2 
branchings isotomous, third branching isotomous or 
heterotomous, fourth branching heterotomous. Arms 
incur! distally, free but closely abutting. Patelloid pro- 
cess poorly developed on secundibrachials, well de- 
veloped on tertibrachials and higher. Proximal col- 
umnal elliptical transversely from crushing, 6.5 by 7.4 
mm. Proximal columnals very short, symplectial artic- 
ulation. 

Remarks.—The holotype of Amphicrinus formosus 
n. sp. lacks the proximal part of the B ray and is 
crushed along the A-B interray-D ray plane, with the 
primanal tilted on edge and other anals covered if pre- 
sent. The paratype is a partial set of arms. 

The specimens are assigned to Amphicrinus because 
they have two primibrachials, interprimibrachials do 
not touch the basals, intrasecundibrachials are present 
in small number, and the distal arm branching tends 
toward heterotomous. Amphicrinus formosus differs 
from A. scoticus Springer in Wright (1914) and A. tub- 
erculatus Yakovlev (1961) (typographical error as A. 
luberculatus Yakolev {[1961]), both of which have the 
stem completely covering the infrabasals, basals, and 
proximal tips of the radials. Also, A. formosus has few- 
er interray plates than A. scoticus, and A. tuberculatus 
has fine granular ornament. Amphicrinus carbonarius 
Springer (1920) is based on an imperfect crown with 
the cup and proximal brachials dislocated and jumbled 
together. Specimens from the same formation or lat- 
erally coeval strata as the holotype and identified as 
A. carbonarius by Laudon (1937) and Strimple (1962) 
are better preserved partial crowns showing the prox- 
imal stem completely covering the infrabasals, basals, 
and proximal tips of the radials. Also, there are many 
more plates in the anal and interray series than in A. 
formosus. 

Two other species, A. divergens Strimple (1940a) 
and A. simplex Strimple (1940b), both from the Penn- 
sylvanian, are based on partial crowns with only the 
cup, primibrachials, and proximal secundibrachials 
preserved. In these species the number of plates in the 
anal, interray, and intersecundibrachial series are un- 


certain, as are arm branching patterns. The proximal 
columnal does not cover the distal tips of the basals 
in either species, suggesting relationship with A. for- 
MOSUS. 

Material.—Two specimens: Holotype (RGM 361 
318) and paratype (RGM 361 319) from the top of the 
Djenien Formation, Mississippian (Serpukhovian, E2), 
at Chebket Dyjihani; Pareyn collection. 

Etymology.—Latin, meaning beautifully formed. 


Amphicrinus prinsi, new species 
Plate 16, figures 7-10 


Metichthyocrinus sp. Termier and Termier, 1950, p. 92, pl. 218, figs. 
46-52. 


Diagnosis. —Distinguished by the patelloid process 
developing higher in the secundibrachials, intersecun- 
dibrachials in contact with the first secundibrachials, 
five tertibrachials, and asymmetrical first tertibrachials. 

Description.—Crown ovoid bowl-shaped, medium 
size (estimated 40 to 50 mm diameter), plates thick, 
exceedingly fine granular to vermiform ornament 
poorly preserved. Cup very low bowl. Infrabasals 3, 
very small, covered by proximal columnal. Basals 5, 
small, distal tips project slightly beyond proximal col- 
umnal; posterior basal truncated distally for reception 
of primanal. Radials 5, 3.8 mm long, 6.4 mm wide, 
gently convex longitudinally and transversely, heptag- 
onal, adjoin interray plates on distal shoulders; radial 
facets plenary, concave transversely. Anals series |-2- 
1-1-1-1. Primibrachials 2, much wider than long, gent- 
ly convex longitudinally and transversely. First pri- 
mibrachial 3 mm long, 5.5 mm wide; axillary second 
primibrachial 3.7 mm long, 8.7 mm wide. Interray se- 
ries variable, 1-2-1-1, 1-2-1-1-1, or 2-2-2-1-1-1. Se- 
cundibrachials 3 in each half ray in 4 rays preserved. 
Intrasecundibrachial series 1-1. Number of tertibra- 
chials varies from 4 to 7, most commonly 6. One ad- 
ditional branching of quartibrachial 6 in one arm frag- 
ment preserved. First two branchings isotomous, third 
branching isotomous or heterotomous, fourth branch- 
ing heterotomous. Patelloid process poorly developed 
on secundibrachials, well developed on tertibrachials 
and higher. Proximal columnal round transversely, 7.3 
mm diameter; lumen quinquestellate. 

Remarks.—The seven specimens of Amphicrinus 
prinsi n. sp. are two partial crowns and five partial ca- 
lyx/arm pieces, all showing exterior and interior surfac- 
es. Two partial distorted crowns, holotype (RGM 361 
320) and paratype | (RGM 361 321), were found in 
two pieces and reconstructed by gluing. The holotype 
retains the anal series, part of the proximal columnal, 
and the very small tripartite infrabasals, which are vis- 
ible on the interior. Paratype 4 (RGM 361 324) has 
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distal isotomous arm branching. The internal surface of 


most specimens shows the original boxwork stereom 
structure of the ossicles. Variation in the number of in- 
terray plates and intrasecundibrachials is noted from the 
interior to the exterior where some paired plates appear 
to be fused. Description of the species is based on the 
composite information from the five types. 

Amphicrinus prinsi n. sp. is similar to A. formosus 
and likely derived from it. They differ in several mor- 
phologic features. The patelloid process is more ob- 
vious and first appears lower in the arms of A. for- 
mosus than A. prinsi. Intersecundibrachials and the 
stem facet are smaller in A. formosus. Not all inter- 
secundibrachials are in contact with the first secundi- 
brachial in A. formosus, whereas they are well devel- 
oped in A. prinsi. The number of tertibrachials ranges 
from five to eight in A. formosus and is consistently 
five where known in A. prinsi. First tertibrachials are 
asymmetrical in only the C ray in A. formosus, where- 
as in A. prinsi all preserved rays show marked asym- 
metry of first tertibrachials with the outer ray half larg- 
er than the inner ray half. 

Material.—Seven specimens: Holotype (RGM 361 
320) and paratypes 1-4 (RGM 361 321-—RGM 361 
324) and two partial sets of arms (RGM 290 863) are 
from the upper part of the Hassi Kerma Formation, 
limestone below level ML171, Pennsylvanian (Bash- 
kirian), at Mouizeb El Atchane, 300 m north of the 
south gully, Béchar; Winkler Prins collection. 

Etymology.—Named for C. Winkler Prins, who 
found the specimens. 


Sagenocrinid indeterminate | 
Plate 16, figures 1—3 


Description.—Based on 2 radials and 3 basals, 
plates relatively thin (2.5 mm thick), but large, bearing 
medium-coarse sharply-pointed granular ornament 
grading into short sharp-crested irregular ridge orna- 
ment along proximal edges of plates; formed large 
bowl-shaped cup with flat or shallow basal invagina- 
tion, vertical walls, slight impressions or dimples at 
basal-radial apices, unknown number of anals. Basal, 
radial and basal-radial facets have shallow excavations 
for ligamentary articulation and denticulate edges. 
Basals wider than long, averaging 15.7 mm wide and 
11.9 mm long, gently convex transversely, moderately 
convex longitudinally. Radials wider than long (17.4 
mm wide, 10.9 mm long: 18.0 mm wide, 11.7 mm 
long), gently convex transversely and longitudinally. 
Radial facets peneplenary, slightly protruded on exte- 
rior of radial. Transverse ridge sharp-crested, not quite 
full width of facet; outer ligament pit moderately deep 
with sharp-crested outer ridge. Inner side of transverse 
ridge has fine vermiform surface for ligament attach- 


ment. Lateral ends of transverse ridge to the end of 
radial facet bear short coarse ridges and grooves nor- 
mal to ridge. Ligament pit shallow. 

Remarks.—The plates of sagenocrinid indeterminate 
1 are disarticulated, with two of the basals distorted 
and the third weathered. These plates may have be- 
longed to a single specimen and, probably, represent 
a mespilocrinid, such as Cibolocrinus. 

Material.—Five specimens, two radials, three bas- 
als: Figured radial (RGM 361 325), figured basal 
(RGM 361 326), and one radial and two basals (lot 
RGM 361 327) from the lower part of the Hassi Kerma 
Fomation, Pennsylvanian (early Bashkirian), at Djebel 
Béchar; Legrand-Blain collection. 


Sagenocrinid indeterminate 2 

Remarks.—A fragmentary cup consists of the infra- 
basal circlet, parts of two radials, and 18 distorted 
proximal columnals. The cup would have been a mod- 
erately large bowl with a large basal impression in- 
cluding all of the infrabasals and proximal parts of the 
basals. Plates are thin and lack ornament. The stem is 
heteromorphic, and the round proximal columnals are 
very thin with a narrow crenularium and moderately 
large pentalobate lumen. The specimen is probably an 
indeterminate mespilocrinid. 

Material.—Partial cup (RGM 361 352) from upper 
part of the Akacha-Mazzer formations, Ioucha 18, 
Mississippian (late Viséan), southeast of Cirque du 
Meharez el Kébir; Pareyn Collection. 


Flexible indeterminate 
Plate 16, figures 5, 6 

Description.—Infrabasal? or basal circlet? large, 
15.6 mm by 14.8 mm widths, low, shallow bowl- 
shaped with shallow basal indentation for 4.9 mm di- 
ameter circular stem impression, formed by three 
plates. One of two nearly equal larger plates extended 
on end of mutual sutures to upwardly incurved mod- 
erately sharp point, presumably in anal interray. Azy- 
gous plate in EA interray. Ornament of radiating ridges 
and grooves on distal half of all plates. Edges of plates 
with irregular vermiform facet structure on inner half 
and moderately deep rounded groove along outer half 
covered by extended lip of outermost surface of plate. 

Remarks.—An indeterminate flexible specimen 
shows no trace of smaller plates within the tripartite 
structure, typical of the infrabasal plate of many flexible 
crinoids. The sharply extended end of the one larger 
plate, however, is shaped like the posterior basal of 
many flexibles and the plate facets are typical of many 
flexibles. Fused basals are unknown in the flexibles and 
the azygous plate is normally in the C ray position. It 
is uncertain if this is an infrabasal plate with an ex- 
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tended end on the one plate, an advanced flexible hav- 
ing lost the infrabasals with the basals beginning to 
fuse, an abnormal infrabasal circlet, or an abnormal 
specimen. 

Material.—Figured specimen (RGM 361 328) from 
the Oued Bel Groun Formation, Pennsylvanian (Mos- 
covian), Bed M1 (Deleau, 1951), from Béchar-Djerid, 
immediately south of Béchar; Winkler Prins collection. 

Crinoidea unclassified 

Remarks.—Disarticulated and fragmentary ossicles 
from the upper part of the Hassi Kerma Formation, 
limestone below level ML171, Pennsylvanian (Bash- 
kirian), at Mouizeb El Atchane, 300 m north of the 
south gully, Béchar, include a variety of unidentifiable 
specimens. These specimens show that the crinoid fau- 
na of the Hassi Kerman Formation may be two to three 
times more diverse than that represented by identified 
taxa. Caution must be followed, however, in evaluating 
the diversity because it is likely that some of the in- 
dividual specimens may be from different parts of a 
single taxon. For example, the platycrinitid radial and 
columnals, as well as one of the possible basal circlets, 
listed under Platycrinites spp. 2 to 5 could represent 
only one or two species. We believe that these inde- 
terminate remains contain a minimum of one camerate 
and five cladids that are undescribed. Specimens are 
from the Winkler Prins collection. 


Crinoid indeterminate | 
Plate 15, figure 15 

Remarks.—One medium-sized partial cup shows 
only the exterior and is embedded in matrix. This spec- 
imen has a low bowl-shaped cup, tripartite infrabasal 
circlet consisting of two equally large plates and one 
small plate, a distally truncated posterior basal, and sub- 
vertical radials with plenary radial facets. It lacks the B 
and C radials and the anals. It is uncertain if the spec- 
imen had more than one anal. It is possibly a lecano- 
crinid. 

Material—(RGM 361 336) upper part of the Hassi 
Kerma Formation, limestone below level ML171, Penn- 
sylvanian (Bashkirian), at Mouizeb El Atchane, 300 m 
north of the south gully, Béchar, Winkler Prins collec- 
tion. 


Crinoid indeterminate 2 

Remarks.—Two small infrabasal circlets of five plates 
each and pentalobate axial canals, one (RGM 361 340) 
with a rounded ridge around the stem facet and the sec- 
ond (RGM 361 341) with an impressed stem facet. 
These two specimens may belong to different genera. 

Material.—Two infrabasal circlets (RGM 361 340 
and RGM 361 341) from the upper part of the Hassi 


Kerma Formation, limestone below level MLI171, 
Pennsylvanian (Bashkirian), at Mouizeb El Atchane, 
300 m north of the south gully, Béchar, Winkler Prins 
collection. 


Crinoids indeterminate 


Remarks.—Assorted indeterminate tegmen plates, 
columnals, and other small ossicles (RGM 290 864) 
are from the upper part of the Hassi Kerma Formation, 
limestone below level ML171, Pennsylvanian (Bash- 
kirian), at Mouizeb El Atchane, 300 m north of the 
south gully, Béchar, Winkler Prins collection. 


Crinoid Columnals 
Genus OFLORICYCLUS Moore and Jeffords, 1968 


©Floricyclus cf. F. angustimargo Moore and 
Jeffords, 1968 
Plate 17, figures 19, 20 


Description.—Pluricolumnal of 2 columnals, 8.7 
mm diameter, noditaxis N1 at least. Columnals circular 
in transverse section, latus straight, symplectial artic- 
ulation. Articulum full width of columnal; crenularium 
narrow, ¥,, columnal radius; culmina coarse, very 
short, unbranched. Areola wide, flat, recesses below 
crenularium and perilumen. Perilumen very narrow 
along lobes of lumen, wide between lobes, surface no- 
dose. Lumen roundly pentalobate, diameter ’, colum- 
nal diameter. Jugula large, rounded adaxial. 

Remarks.—This pluricolumnal segment of Floricy- 
clus cf. F. angustimargo is related to the segments 
assigned above to Cladid indeterminate 3. Major dif- 
ferences are the much shorter unbranched culmina, 
less-recessed areola, and rounded jugula on this spec- 
imen. It could represent a different section (more or 
less distal) of the column of Cladid indeterminate 3. 
The specimen differs from F. angustimargo by having 
a straight latus with less elongate and more rounded 


jugula. Moore and Jeffords (1968) reported F. angus- 


timargo from the Middle Pennsylvanian (Desmoine- 
sian) strata of Colorado. 

Material.—Pluricolumnal (RGM 361 315) from the 
lower part of the Hassi Kerma Formation, Pennsylvanian 
(Bashkirian), at Djebel Béchar; Legrand-Blain collection. 


Genus OPLUMMERANTERIS Moore and Jeffords, 
1968 
©OPlummeranteris? sp. 
Plate 17, figures 21—24 


Description.—Nodal columnal circular in transverse 
section, latus very slightly convex. Articulum full 
width facet. Crenularium wide, 7; radius. Culma full 
width crenularium, unbranched, no insertions, slight 
taper adaxial. Areola narrow, flat, recessed slightly be- 
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low crenularium and perilumen. Perilumen narrow, no- 
dose to irregular shaped nodes on surface. Lumen 
roundly floriform. Jugula short, rounded adaxial. Cirri 
facets aligned with lobes of lumen, slightly projected. 

Remarks.—Moore and Jeffords (1968) defined 
Plummeranteris as having an articulum in which the 
broad crenularium extended to a weakly developed 
perilumen about a floriform lumen. Their illustration 
(pl. 24, fig. 13) of the facet of P. sansaba, however, 
shows a narrow areola. We tentatively assign two spec- 
imens to Plummeranteris, noting that they differ from 
Floricyclus by having a wide crenularium. They may 
belong to a cromyocrinid. Plummeranteris has been 
reported from the Middle Pennsylvanian of Texas 
(Moore and Jeffords, 1968). 

Material.—Columnal (RGM 361 316) from the 
lower part of the Hassi Kerma Formation, Pennsyl- 
vanian (Bashkirian), at Djebel Béchar; Legrand-Blain 
collection. Columnal (RGM 361 343) from the upper 
part of the Hassi Kerma Formation, limestone below 
level ML171, Pennsylvanian (Bashkirian), at Mouizeb 
El] Atchane, 300 m north of the south gully, Béchar, 
Winkler Prins collection. 


Columnal undesignated 
Plate 17, figures 17, 18 


Remarks.—A slender homomorphic pluricolumnal 
with a medium-width crenularium, unbranched culmina, 
narrow areola, and large round lumen is partly encrusted 
with a massive bryozoan that completely encircles part 
of the specimen. This implies that the bryozoan was at- 
tached to the stem while the crinoid was living. The 
articular facet is similar to Cycloscaphus Moore and Jef- 
fords (1968), which was described as a heteromorphic 
taxon. It is unknown if the stem was homomorphic dis- 
tally or proximally of the heteromorphic section. 

Material.—Pluricolumnal (RGM 290 866) from the 
upper part of the Hassi Kerma Formation, limestone 
below level ML171, Pennsylvanian (Bashkirian), at 
Mouizeb El Atchane, 300 m north of the south gully, 
Béchar, Winkler Prins collection. 


Subphylum ECHINOZOA Haeckel in Zittel, 1895 
Class ECHINOIDEA Leske, 1778 
Subclass PERISCHOECHINOIDEA M’Coy, 1849 
Order PALAECHINOIDA Haeckel, 1866 
Family PALAECHINIDAE M’Coy, 1849 
Genus PALAECHINUS M’Coy, 1844 


Palaechinus sp. 
Plate 17, figure 31 


Description.—Partial test medium size, 30.5 mm 
maximum dimension, 13.3 mm minimum, moderately 


convex, plates thick. Oculogenital ring monocyclic; 
genitals wider (3.1 mm) than long (2.5 mm), convex 
outer side, concave inner side, with 3 or 4 pores; oc- 
ulars small, 1.7 mm long, 1.8 mm wide, narrowing 
toward periproct, with single pore. Ambulacral tracks 
narrow, straight, formed of 2 rows of interlocking 
plates, each bearing a double pore on the outer side; 
ambulacral plates much wider than long. Interambu- 
lacral areas much wider than ambulacral areas, formed 
of minimum of 6 rows of hexagonal plates increasing 
in size adorally. 

Remarks.—This partial corona of Palaechinus sp. 
consists of three oculars and three genitals of the ocu- 
logenital ring and adoral parts of three ambulacral 
tracks and four interambulacral areas. One small frag- 
mentary plate within the oculogenital ring probably 
was part of the periproct. All plates are strongly weath- 
ered and abraded, with loss of all traces of ornament 
and other morphologic features of the exterior surface. 
It is uncertain if the corona was fragmented by scay- 
engers prior to burial or an artifact of weathering. Pa- 
laechinus is known from the Mississippian of Europe 
and North America. 

Material.—Figured specimen (RGM 361 347) from 
the base of the Ain el Mizab Member, Ain el Mizab 
Formation, Mississippian (Serpukhovian, El), at Foum 
es Sba; Pareyn collection. 


Order CIDAROIDA Claus, 1880 
Family ARCHAEOCIDARIDAE M’Coy, 1844 
Genus ARCHAEOCIDARIS M’Coy, 1844 


Archaeocidaris sp. 
Plate 17, figures 29, 30 

Description.—Interambulacral plate hexagonal, 
large, 10.5 < 9.4 mm, thin, nodose marginal rim; large 
central primary tubercle surrounded by scrobicular 
ring of small secondary tubercles around aureole. 
Fragment of approximately circular corticate spine 
shaft 23.6 mm long, 4.2 mm diameter; ornament of 
aligned nodes along 10 low linear ridges. 

Remarks.—The interambulacral plate and fragment 
of a spine shaft of Archaeocidaris sp. are from the 
same locality, probably from the same species, and 
thus described together. The interambulacral plate has 
overgrowths of indeterminate organisms covering 
some of the scrobicular spines and has been abraded 
or subjected to solution weathering prior to burial. Or- 
nament of the spine fragment shows little abrasion or 
solution weathering. 

Material.—Two specimens: Interambulacral plate 
(RGM 361 348) and spine shaft (RGM 361 349) from 
the Oued el Hamar Formation, Pennsylvanian (late 
Bashkirian), south of Teniet Aissa ben Azzi; Pareyn 
collection. 
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Appendix.—Systematic list of taxa, giving number of specimens, stratigraphic horizon, and collector of each. P = Pareyn; M = Legrand- 
Blain; W = Winkler Prins. An asterisk (*) after the collector’s name indicates uncertain of exact stratigraphic horizon. B = Breimer and 
Macurda who reported Pareyn specimens, which were not studied herein. 


Series Moscovian Bashkirian 
Formation Oued Bel Qued el Hamar Hassi Kerma Tagnana Djenien 
Groun 
Member (upper) (lower) (upper) (lower) Djenien Hid el Mouizab 
Kef el 
Atchane 


Koryschisma saharae (Breimer and Macurda, 
1972) [3] B 
Rhodocrinites sp. [1] 
Megaliocrinus ? sp. [1] P 
Ectocrinus rouchi (Delpey, 1941) [3] 
Ectocrinus mezereltensis n sp. [9] 
Ectocrinus redactus n. sp. [9] 
Ectocrinus sp. |1] 
Actinocrinites becharensis n. sp. [1] 
Actinocrinites combinatus n. sp. [1] 


Aacocrinus algeriaensis n. sp. [5] M 

Aacocrinus algeriaensis ? [2] M 

Sampsonocrinus cheguigaensis n sp. [74] P; 

Blairocrinus grafensis n. sp. [1] P 

Pimlicocrinus octobrachiatus n. sp. [8] ps Be 

Pimlicocrinus sp. [1] W 

Actinocrinitid indeterminate | [2] P 

Actinocrinitid indeterminate 2 [1] 

Actinocrinitid indeterminate 3 [1] e 

Actinocrinitid indeterminate 4 [5] M 

Actinocrinitid? indeterminate 5 [1] PB. 

Platycrinites reouienensis n. sp. [2] 

Platycrinites aouidjaensis n. sp [3] Ie I 
Platycrinites djihaniensis n. sp. [2] P 

Platycrinites cf. P. djihaniensis n. sp. [4] be 

Platycrinites hamarensis n. sp. [5] M* pe M* 

Platycrinites sp. 1 [1] Pp 

Platycrinites sp. 2 [3] P 

Platycrinites sp. 3 [1] WwW 

Platycrinites sp. 4 [2] Ww 

Platycrinites sp. 5 [2] W 

Platycrinites ? sp. [1] Ww 

Pleurocrinus glomerosus n. sp. [8] 

Pleurocrinus folliculus n. sp. {3] Ps 

Eucladocrinus ? asymmetricus n. sp. [8] P 

Eucladocrinus ? sp. [2] Pp 

Synbathocrinus sp. [1] 

Barycrinidae indeterminate [5] 

Hebohenocrinus quasipatellus n. gen., n. sp. [1] P 

Balearocrinus pareyni n. sp. [1] 

Scytalocrinus sp. [2] le 
Hydriocrinus ? confusus n. sp. [1] 34 

Ampullacrinus marieae n. gen., n. sp. [4] M, P 
Ampullacrinus tritubulus n. gen., n. sp. [3] Ie 

Cosmetocrinus ? sp. [2] 

Dicromyocrinus vastus n. sp. [22 IP M 
Dicromyocrinus catillus n. sp. [1] M 


Dicromyocrinus ? invaginatus n. sp. [5] W 
Dicromyocrinus ? sp. [7] M 
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Appendix.—Extended. 


Namurian Viséan (part) 


Ain el Mizab El Guelmouna Zousfana Taouerta Ighi Harrez Boulmane Akacha  Mazzer 


Ain el El Lefa El Harrada El Guel- Ain Ourn el Ain 
Mizab mouna  Mezereit Graf Guettara 
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Appendix.—Continued. 


Series Moscovian Bashkirian 
Formation Oued Bel Qued el Hamar Hassi Kerma Tagnana Djenien 
Groun 
Member (upper) (lower) (upper) (lower) Djenien Hid el Mouizab 
Kef el 
Atchane 
Mooreocrinus glomerosus n. sp. [4] JP) 
Metacromyocrinus ? sp. [1] Ww 
Mathericrinus wallacei n. comb. [29] P. P M 


Ureocrinus commus n. sp. [1] 

Cromyocrinid? indeterminate [1] 

Paianocrinus carinatus n. sp. [1] M 
Zeacrinitid indeterminate | [2] 

Zeacrinitid? indeterminate 2 [1] 

Cladid indeterminate 1 [1] P 
Cladid indeterminate 2 [6] 

Cladid indeterminate 3 [1] 

Cladid indeterminate 4 [2] 

Cladid indeterminate 5 [1] 

Caldid indeterminate 6 [1] 

Cladid indeterminate 7 [4] 

Taxocrinid indeterminate [1 ] M 

Cibolocrinus africanus Strimple and Pareyn, 

1982 [3] P 
Amphicrinus formosus n. sp. [2] P 
Amphicrinus prinsi n. sp. [7] W 
Sagenocrinid indeterminate | [5] M 
Sagenocrinid indeterminate 2 [1] 

Flexible indeterminate [1] W 
Crinoid indeterminate | [1] 

Crinoid indeterminate 2 [2] 

Crinoids indeterminate [17] 

Floricyclus cf. F. angustimargo Moore and 

Jeffords, 1968 [1] 
oPlummeranteris ? sp. [2] M, W 
eColumnal undesignated [1] W 
Palaechinus sp. [1] 

Archaeocidaris sp. [2] ps Pp* 
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Appendix.—Extended continued. 


Namurian Viséan (part) 
Ain el Mizab El Guelmouna Zousfana Taouerta Igli Harrez Boulmane Akacha  Mazzer 
Ain el El Lefa El Harrada El Guel- Ain Oum el Ain 
Mizab mouna  Mezereit Graft Guettara 
2 
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P 
P 
M* 
P 
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EXPLANATION OF PLATE | 


Figure Page 
I—3!, Rhodocinites’sp. El Guelmouna/ Formation, Ain’ Mezereit Member = sy: yee cv elect sec e cic posh ere te) elven je, eicepat ce eee elie! yen Reet 18 
1-3. C-Ray, posterior, and basal views of partial theca, * 1.5. RGM 361 153. 
4-12. Ectocrinus rouchi (Delpey, 1941) new combination. Akacha-Mazzer Formation ...............0 00sec eee eee teens 20 
4-8. Oral, E ray (note plated over unregenerated arm opening), A ray, basal, and posterior views, * 1.6. RGM 361 154. 
9. B ray view, X1.5. RGM 361 158. 
10. C ray view, X1.6. RGM 361 155. 
11-12. C-D interray and oral views, ¥1.5. RGM 361 157. 


13. Megaliocrinus sp. Ain el) Mizab) Formation,, Mouizeb; el -Atehane’* Member 3... 2)... 2s ee «eee eens one ane eee neriem 19 
13. Lateral view of partial theca, orientation uncertain, ¥ 1.4. RGM 361 175. 
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EXPLANATION OF PLATE 2 
Figure Page 
1-12. Ectocrinus mezereltensis new species. El Guelmouna Formation, Ain Mezerelt Member .................---.-.2-2-58-.- 21 


1—4. Oral, A ray, posterior, and basal views, * 1.5. Paratype 5, RGM 361 170. 
5-8. Oral. A ray, posterior, and basal views, *1.5. Holotype, RGM 361 165. 
9-12. Oral, A ray, basal, and posterior, views, * 1.6. Paratype 3, RGM 361 168. 
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Figure 


1-4. 


. Ectocrinus? sp. Ain el Mizab Formation, El Harrada Member 


. Ectocrinus mezereltensis new species. E| Guelmouna Formation, Ain Mezerelt Member 


. Koryschisma saharae (Breimer and Macurda, 1972). El Guelmouna Formation, Ain Mezerelt Member 


. Actinocrinites becharensis new species. El Guelmouna Formation, Ain Mezerelt Member 
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EXPLANATION OF PLATE 3 


Ectocrinus redactus new species. El Guelmouna Formation, Ain Mezerelt Member 
1-4. Oral, A ray, posterior, and basal views, * 1.5. Holotype, RGM 361 174. 


5, 6. Lateral and basal views of partial calyx, *2. RGM 361 350. 


7-10. Oral, A ray, posterior, and basal views, *1.6. Paratype 1, RGM 361 166. 
11-14. Oral, A ray, posterior, and basal views, * 1.5. Paratype 2, RGM 361 167. 


15, 16. Lateral and oral views, X3. RGM 361 150. 


17-20. Oral, A ray, posterior, and basal views, * 1.5. Holotype, RGM 361 176. 
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EXPLANATION OF PLATE 4 


Figure Page 
Siw A CCOCHINUSIRISETMENSISMMEeWHSPCCleS yElassl Wwermay FODMAMOM saya 2) aaa a) <P avere shai ate tei edie) a) clay ei) eNlste /le sila) eaten a) a) sere ese 24 
1-5. Oral, A ray, C ray, posterior, and basal views, *2. Holotype, RGM 361 178. 

6-9. Actinocrinites combinatus new species. El Guelmouna Formation, Ain Mezerelt Member ............-..-........25-5- 24 
6-9. Oral, A ray, posterior, and basal views of distorted thecae, 1.7. Holotype, RGM 361 177. 

Oli Actinocrinitidiindeterminate 3: Upper part of the:@Quedvell Hamar Formation .... 2... ... dese eee eee cee ee em ne oes 30 

10, 11. A ray and basal views of partial thecae, 2. RGM 361 251. 
12. Actinocrinitid indeterminate 2. Chabet Kerkour Formation (= Ain Guettara Member) .................2....---2005- 30 


12. Basal view of partial calyx, *2.1. RGM 361 214. 


IBS awe LAtrOCriInUsieT a) enstismewaSspecies midassimsenma i OLMAM ON) min sais es e)s oe © ce ewe oe rie Geieke la sue ois ie cial erie = 27 
13-15. A ray, oral, and basal views, ¥ 1.6. Holotype RGM 361 205. 
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Figure 
1=1.9: “Sampsonocrinus cheguigaensis new ‘species. Oued jel Hamar Rormation (200 22 we we es re ace ew ape el late 2 eee ug staal eee 
1—4. Oral, A ray, posterior, and basal views, *2.2. Paratype 3, RGM 361 188. 
5-8. A ray, oral, basal, and posterior views, *2.2. Paratype 2, RGM 361 187. 
9-12. Oral, A ray, posterior, and basal views, *2.3. Paratype 4, RGM 361 189. 
13-15. A ray, posterior, and basal views, <2. Holotype, RGM 361 185. 
16-19. Oral, A ray, posterior, and basal views. 2.3. Paratype 1, RGM 361 186. 
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Figure Page 
15s .Sampsonocrinus chepuisaensismew. species: Oued (ell) Hamar Formation . 2... 52 2 ene hee eee ee ee le ee 26 


1-3. A ray, basal, and posterior views, *2.2. Paratype 6, RGM 361 191. 
4-7. Oral, A ray, posterior, and basal views, 2.2. Paratype 7, RGM 361 192. 


12-15. Oral A ray, posterior, and basal views, *2. RGM 361 201. 
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Figure Page 
[=| ‘Pimlicocrinus: octobrachiatus new species. Qued| el (Hamar Formation: 2s) 20. 20 ee oe ee ee ent oe Renee 28 
1—4. Oral, A ray, posterior, and basal views, * 1.6. Paratype | RGM 361 207. 
5-7. Oral, A ray, and basal views, 1.7. Holotype RGM 361 206. 
8-11. Oral, A ray, posterior, and basal views, 2.3. Paratype 3 RGM 361 209. 


12-17. Actinocrinitid indeterminate 4. Upper part of the Hassi Kerma Formation 
12, 13. External and internal views of tegmen plates, 2. RGM 361 218. 
14, 15. External and internal views of tegmen plates, 2. RGM 361 217. 
16, 17. External and internal views of tegmen plates, 2. RGM 361 216. 


Oe AN See oo loo eb oi ods 6 coe 30 


Ss 19h Fimlicocrinus'sp1 Oued El Hamar Formation) 4120-12 aetna © er elie nchey lei cie lice et aiene lena ketene ee ee 29 
18, 19. C ray and basal views. Note extra plate between shorter D radial and primanal in radial circlet, «2. RGM 290 871. 
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11-13. 


14-19. 
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Page 
Platycrinites reouienensis new species. El] Guelmouna Formation, Ain Mezerelt Member ..............0..-000 0000005. 32 
I—4. Oral, A ray, posterior, and basal views, X2.4. Paratype, RGM 361 223. 
5-8. Oral, B ray, DE interray, and basal views, *2.3. Holotype, RGM 361 222. 
Elatycrinilesisp: ).vbassi kerma kormation, Mouizeb El) Atchane: © =n sider oe] sees eae elves « see cen: 36 
9. Articular view of twist columnal, <2. RGM 361 351. 
10. Articular view of twist columnal, *2. RGM 361 344. 
Platycrinitesict.-Psdjinantensis new, species. .op of the Djenien Formation’ <3 ....... 4250-2. 026 neces see essa se 34 
11. External view, partial radial, ¥2.5. RGM 361 232. 
12. External view of nearly complete radial, *2.5. RGM 361 230. 
13. Basal view, partial basal circlet, X2.5. RGM 361 229. 
Platycrinitesdjihaniensis new species, Lop of the Djenien Formation: 5. 22..-222.2.2--.0+seensse ease neces e sce ess 34 
14-17. Oral, A ray, posterior, and basal views, *2.5. Holotype, RGM 361 227. 
18, 19. External and internal views of basal circlet, <2.6. Paratype, RGM 361 228. 
21. Platycrinites aouidjaensis new species. Ain el Mizab Formation, Mouizeb el Atchane Member ......................- 33 
20, 21. B ray and basal views, Holotype, RGM 361 224, 1.6. 
7 Platyerinifes sp» 4: Hassi Kerma Formation, Mouizeb el Atchane Member ........ 2-02 c20 050. eeee0 eee ee es suuce 35 


22, 23. External and internal views of basal circlet, 2. RGM 361 338. 
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Page 
Pleurocrinus glomerosus new species. El \GuelmounatHormatiomy fy. noe 0s ee ev cuetie parteu eee le + lie Mitel ke eens ene eel ower 37 
1-3. Oral, posterior, and basal views, *2. Paratype 2, RGM 361 242. 
4—6. Oral, E ray, and basal views, *2. Paratype 1, RGM 361 241. 
7-10. Oral, A ray, posterior, and basal views, <2. Holotype, RGM 361 240. 
= Synbathocrinus sp..E))Guelmouna, Formation; Ain’ Mezerelt: Member emacs 3 a wet sien <1 sete nee) ove lo) shee eee eee 39 
11-14. Oral, A ray, posterior, and basal views, *2.5. RGM 361 255. 
 Platycrinites hamarensis new species: OQuedielk HamarsFormatiomy = 1-12 Actes tele) ete cies este elicits ioe ewe) renee ae 34 
15-18. Oral, A ray, posterior, and basal views, 2. Holotype, RGM 361 233. 
19-22. Oral, A ray, posterior, and basal views, *2.4. Paratype 1, RGM 361 234. 
 Platycrinites: sp... Upper part of the-@uedvellHamarmr onmationiy scatter enone tenet vemsus iene te te tsuelet a eke fens) ousketl eer eee 35 
23, 24. A ray and basal views, RGM 361 238, 2. 
mePlatycrinites? sp. Oued) BeleGrounyEOrmation srereyeccust ton cue reve persis yee ee reat siene temsiie teks i= tee ilo netectel te teeth art ae 36 


25-27. Basal, oral, and BC interray views, RGM 290 857, 2. 
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l= SSuPleurochinusMolliculusmew species; Oued el Hamar Fornmation) =... ose le einen ose ciel eieiet esate ce eyre esp eet 


1-4. 


Oral, A ray, posterior, and basal views, 2.6. Paratype 1, RGM 361 244. 


5-8. Oral, A ray, D-E interray, and basal views, *2. Holotype, RGM 361 243. 


9-12) Bucladocrinus:)asymmetricus new species: Qued el Hamar Formation .....2.2 4... 25. eees sere ee eee cee eas 


9-12. 


Oral, B ray, posterior, and basal views, *2. Holotype. RGM 361 246. 


13=l/a ban cunidaevsndeterminatesAkacha-Mazzer honmationy ... 20s... sa - si sis ce ws oon ce oes areeeen ats egeeel iene iewcrens ennai 


ily 
14. 
5% 
16. 
ING 


Exterior view of radial, *2. RGM 361 258. 

Exterior view of a radial, two adjoined basals, and distal tip of an infrabasal, x2. RGM 361 257. 
lateral view of columnal, *2. RGM 361 260. 

Exterior view of very large partial radial, *2. RGM 361 259. 

Anal view of partial cup, <2. RGM 361 256. 
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Page 
. Hydriocrinus? confusus new species. Horizon between the Hid el Kef and Djenien members, Djenien Formation ......... 43 
1-4. Oral, A ray, posterior, and basal views, *3.7. Holotype, RGM 361 264. 
. Hebohenocrinus quasipatellus new species. Between the Hassi Kerma and Djenien formations (Tagnana Formation) ...... . 41 
5-7. A ray, oral, and posterior views, *3.7. Holotype, RGM 361 262. 
+ Cosmetocrinus?’ sp.,E)\Guelmouna Formation; El (Guelmouna Member .; 2.0002 22 jose nee © se ee wi cee oy oe ee nme 48 
8, 9. A ray and posterior views, 2. RGM 361 265. 
10-12. B ray, basal, and posterior views, *2. RGM 290 874. 
. Balearocrinusipareyni new Species: Mazzershormationies. 2) sisi sisieseaea ecnenseeie = e-edition eee ten nee 42 
13-15. Basal, posterior, and A ray views, 2.1. Holotype, RGM 361 261. 
» scylalocrinus sp: ‘Ainsel! Mizab Formation; Mouizebiel/Atchane* Member 227. oi) sie ete «tas et eteresenciieie, elvst ie er =) anasenetietteme l= meners 43 
16. Lateral view of the two cups, 2.3. RGM 361 263. 
» Ampullacrinus: tritubulus New-SPECleS’ 3.5 sie ees sea ase eee ernst a) aes ce) ces bees seen chen eee ees ieee eno eee ee 47 


17-20. Oral, A ray, posterior, and basal views of partial crown, 3.3; base of the Ain el Mizab Member, Ain el Mizab Formation. 
Holotype, RGM 361 333. 
21-23. Oral, posterior, and basal views of partial crown, *3.1; Djenien Formation, Djenien Member. Paratype 2, RGM 361 335. 
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1-10. 


. Dicromyocrinus vastus new species 
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Ampullacrinus mariea new species. Ain el Mizab Formation, Mouizeb el Atchane Member ............0..0. 000000055 
1—4. Oral, basal, posterior, and A ray views of partial crown, *3. Holotype, RGM 361 330. 
5-8. Oral, A ray, posterior, and basal views of partial crown, *3. Paratype 1, RGM 361 331. 

9, 10. Posterior and A ray views of partial crown, *2.4. Paratype 2, RGM 361 329. 


11-13. Oral, posterior, and basal views, 3.7. Paratype 3, RGM 361 269, between the Hassi Kerma Formation and Djenien 
Member (Tagnana Formation’). 
14-16. A ray, posterior, and basal views, * 2.4. Paratype 4, RGM 361 270, Ain el Mizab Formation, Mouizeb el Atchane Member. 
17. Basal view, *2.6. Paratype 6, RGM 361 272, El Guelmouna Formation, El Guelmouna Member. 
18. B ray view, 2.6. Holotype, RGM 361 266, El Guelmouna Formation, El Guelmouna Member. 
19-21. Oral, posterior, basal views, 3.7. Paratype 2, RGM 361 268, between the Hassi Kerma Formation and Djenien Member 
(Tagnana Formation?). 
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Figure 
I-53. 


6-9. 


10-12. 


13-16. 


17-26. 
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Dicromyocrinus? sp. Lower part of Hassi Kerma Formation 


2. External view BC basal. X2.5. RGM 361 276. 
3, 4. Oral and external views of radial, X2.5. RGM 361 274. 
5. External view of infrabasal circlet, ¥2.5. RGM 361 280. 


Mathericrinus wallacei new combination. Oued el Hamar Formation 


Dicromyocrinus catillus new species. Upper part of the Hassi Kerma Formation 
10-12. A ray, posterior, and basal views, 2. Holotype, RGM 361 273. 


Dicromyocrinus? invaginatus new species. Oued Bel Groun Formation 
13-16. Oral, E ray, posterior, and basal, views, <2. Holotype, RGM 361 281. 


Mooreocrinus glomerosus new species 


Member. 


24-26. Oral, posterior, and basal views, *3.6. Paratype 3, RGM 361 287, El Harrada Member, Ain el Mizab Formation. 


1. External view of indeterminate DE, EA, or AB basal, *2.5. RGM 361 279. 


6-9. Oral, A ray, posterior, and basal views of specimen 6, RGM 361 293, 2.6. 


17-19. A ray, posterior, and basal views. *2.4. Holotype, RGM 361 284, El Harrada Member, Ain el Mizab Formation. 
20-23. Oral, A ray, posterior, and basal views, *2.3. Paratype 1, RGM 361 285, Ain el Mizab Formation, Mouizeb el Atchane 


Page 
51 


53 


50 


Nn 
NO 


BULLETINS OF AMERICAN PALEONTOLOGY, BULLETIN 368 PLATE 13 


BULLETINS OF AMERICAN PALEONTOLOGY, BULLETIN 368 PLATE 14 


Figure 
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1-24. Mathericrinus wallacei (Termier and Termier, 


1-4. 
5-8. 
9-12. 
13-16. 
17-20. 
21-24. 


Oral, A ray, 
Oral, A ray, 
Oral, A ray, 
Oral, A ray, 
Oral, A ray, 
Oral, A ray, 


posterior, 
posterior, 
posterior, 
posterior, 
posterior, 
posterior, 


and basal views, 
and basal views, 
and basal views, 
and basal views, 
and basal views, 
and basal views, 


EXPLANATION OF PLATE 14 


1950) new combination. Oued el Hamar Formation ...................-.- 53 
note urn shape and ridge ornament, *1.6. Specimen 8, RGM 361 296. 

note fine granular ornament, *, 2.5. Specimen 1, RGM 361 288. 

note extended urn shape, 2.5. RGM 361 289, specimen 2. 

«2.5. Specimen 7, RGM 361 294. 

note vermiform ornament and flat base, *2.5. Specimen 4, RGM 361 291. 

note ridge ornament and globose form, *2.4. Specimen 3, RGM 361 290. 
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Figure 
l—4; Metacromyocrinus.? sp. Qued Bel:GrounFormation: 2.02.3 2 eae te esem cea = = sieve tate eeiel eee ei e)ite el cress) sie) ayes) saree 
1-4. Oral, A ray, posterior, and basal views, «3. RGM 290 860. 


5=8: ‘Cladid/indeterminate 2. ass KermavPormation) \ 22.5) sy. sm. Se ct cate wie fe) a) = certs le Jenetm| © ciate oy elses sefpeuienie) eee attcl ose e presen 
5. Lateral view of one holdfast segment of stem, <2. RGM 361 312. 
6, 7. Lateral and articular views of pluricolumnal, <2. RGM 361 313. 
8. Lateral view of intrabasal circlet, «2. RGM 361 311. 
9-13. Ureocrinus commus new species. El Guelmouna Formation, E] Guelmouna Member .............2.0.00 000000 eee 
9-13. A ray, posterior, AB interray, and basal views, *2; enlargement of AB basal for ornamentation detail, <3. Holotype. 
RGM 290 873. 
14: Zeacnnitidae?, indeterminate 2. El'Guelmouna: Formation; Ain:*Mezerelt\Member ~ 7. 2220-5 =)... 2 2 ee ee oe oe es ee ee 
14. Posterior view of partial crown, 1.5 or 2. RGM 361 309, 
15. Crinoid indeterminate 1. Upper part of the Hassi Kerma Formation, limestone below level ML171, Bashkirian, at Mouizeb El 
Atchane; 300%m:north of the south; gullysBechan 25 22sec steve ctemeuaiet a itetes ees eas =. eucieli= alias) fe pet ios toll eon mw teeta oS 
15. Partial cup, 2. RGM 361 336. 
16-18. Paianocrinus? carinatus new species. Basal part of the Djenien Member, Djenien Formation .................0-.2-0055 
16-18. Posterior, D ray, and A ray views, *1.5. Holotype, RGM 361 306. 


19, ‘Cromyocnnid?indeterminate: Mazzer\Formation: 2)... 22 cane «se vss sued Se cles poe (eda) eats ce) stleire elle else fe tiealte tee eden enone 
19. Basal view of partial cup, * 1.1. RGM 361 305. 
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Figure Page 
1=3. ‘Sagenocrinid indeterminate 1. Lower'part of the Hassi Kerma Formation .... 2... .62.222 202.0800 cc0 ee ewe see ease 6l 
1, 2. Oral and external views of radial, *2.2. RGM 361 325. 
3. External view of basal, 2.2. RGM 361 326. 
AS laxocninid) indeterminate: ower part of the Hassi kerma Formation’... s.0 ema sneee sees ee cece ee ee ec eee hee 59 


4. External view of infrabasal and basal circlet, *2.2. RGM 361 317. 


SOwiiexipDlesmngeLrerminate) Oued bel GrounyPOrmatiOm) sccere sacs. s,sie.co<-s erepers usm eee net erchel = =o eee) os sueae = Susu, ei spaleeeieee, seeacne, are 61 
5, 6. Internal and external view of infrabasal circlet, 2. RGM 361 328. 


7-10. Amphicrinus prinsi new species Upper part of the Hassi Kerma Formation ............--....- 200 e ee eee eee eee ees 60 
7, 8. Interior and exterior views of two halves of specimen splayed, A ray at top. 
9. Two halves enclosed as crushed in original preservation, * 1.5. Holotype, RGM 361 320. 
10. Exterior view of partial set of arms, * 1.5. Paratype 1, RGM 361 321. 


il SS vA phicrinusn OLMOSUus Mew, Species mlopaOn theyOJemi|en HOLMAtMOM: <2. js) -9s)ae)s te delie ie) = telt es chat e ts (elo shelley cies m1 es) silehaile ta a, sua) cai 59 
11. Exterior view of partial set of arms, 2.1. Paratype, RGM 361 319. 
12-15. Oral, E ray, CB interray, and basal views, * 1.5. Holotype, RGM 361 318. 


Figure 
jaw 


26. Dicromyocrinus vastus new species. El] Guelmouna Member, El Guelmouna Formation ...................-2.. 
Dil 20% 
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2: Platycrinites sp. 4. Upperipart.of the, Hass Kerma Formation! yy sy-.s eye)ess et opie) ane) 1 eye ap eetiel seat= re eeay eee 


1, 2. Interior and exterior views of fused basal circlet, ¥2. RGM 361 339. 


» Cladid'indeterminate: 75 Upper part of theHassi Kerma Formation.) 3-505. 4. 2 ene eqns sre se we oe ee eee 


3. Lateral view of primibrachial; 4, lateral view of radial, 2. RGM 361 346. 


~ Gladidvindeterminate;4> Upper part of the HassiKermathormation Sotnccs 2s «a frecche oye semeiegieta rete det cyctleuspe teense 


5, 6. Articular and lateral views of radial; 7, 8, exterior and interior views of basal, *2. RGM 361 342. 


. Dicromyocrinus? invaginatus new ‘species. Qued' Bel:Groun\ Formation = 2.0.25 45% aes 4 ss wes suc Qe eee ena 


9-11. B ray, posterior, and basal, views, 2. Paratype 2, RGM 361 283. 
12-14. E ray, posterior, and basal, views, X2. Paratype 1, RGM 361 282. 


9». (Gladidiindeterminate:6: ‘Upper partiof the Hass) Kerma) Formation... 2:4 ...: nests se se © ee ei erer ie ene 


15, 16. Oral and lateral views of radial, 2. RGM 362 345. 


. ‘€olumnal!undesignated! Upper part; of! the Hassi Kerma Formation’... cm. . a2 ace oe se cece sie Sree een 


17, 18. Articular and lateral views of pluricolumnal, *2. RGM 290 866. 


. Floricyclus cf. F. angustimargo Moore and Jetfords 1968. Lower part of the Hassi Kerma Formation ............ 


19, 20. Articular and lateral views, pluricolumnal, *2.5. RGM 361 315. 


p plummeranteris.)/Spwrassiy wermayFOrmatlOn\ «ere -qatseyie eresicieieds Cie chen ie raat eects ee ee Cea teen 


21, 22. Articular and lateral views, columnal, *2.5. RGM 361 316. Lower part of Hassi Kerma Formation. 


23, 24. Articular and lateral views, pluricolumnal, *2. RGM 361 343. Upper part of Hassi Kerma Formation. 


25, 26. A ray and posterior views, *2. Paratype 5, RGM 361 271. 


Cladid! indeterminate Upper part of the Oued (eli Hamar Formation! 2 <2 ece ao) wife ij ot ve ees sieeve eeneieneiineeneue 


27, 28. A ray and basal views of partial cup, 2. RGM 361 310. 


Archaeocidaris sp. OuedielwHamar Formation 4% A -sepere teva ieceeyere ate eie eye cre leis nett tcn= ee) etet ceieuesteatottome malt estes ear eee 


29. Lateral view, spine shaft, x2. RGM 361 349. 
30. External view of interambulacral plate, *2. RGM 361 348. 


: Palaechinus sp. Base of the Ain’ el) Mizab Member, Ain el Mizab Formation ........0....5...0-.c055-e0 04056 


31. External view of partial corona, X2.1. RGM 361 347. 


BULLETINS OF AMERICAN PALEONTOLOGY, BULLETIN 368 PLATE 17 


INDEX 


Note: Page numbers for descriptions of genera and species are shown in bold type. 


Aacocrinus Bowsher W959" <r. sie «susie weet ee ce 133 24525 
PANIES CVICEMISIS MICS oy. sustey siatonst a aiane 2 eles 13, 24, 25, 30, 70, 83 
PAURGLSETLGETIS ES) IMIS oratieviel tere) a seas) ee ie) «eke sve rite 13, 25, 70 
Achouteauensis (S./Ae Miller W892) 5 see secs es - 25 
PARE ELL QUACLYLUSI ESTO WELLS Ol) meter emener Nene atcbeusacieecy ene alsiyoa) 25 
MaQaoerHne \NEOSSS IOS 5 eats 6 cameo oe ooo opeID 52 
PACKOCHINIGSeereten ete wene cas orate Sree eke hl oo een sieiio eis one. ey) 
Actinocrinites J) Muller, W821" 22 222 oe we 1; 145 23527 
ANS LAGAROPAPONIN, So Soo od Dora oD oboe 11, 23, 24, 71, 80 
Ny, COHMATTAT DS 05S 616 06 Sp Oo eo Ob oy 11, 24, 71, 83 
A. subpulchellus Miller and Gurley, 1896 ............... 24 
ACHMOCIINITIAN(S)PS canes sas se ta oe 14, 15, 19, 24, 30, 32 
Actinocrinitidiindeterminate 5 2s5s255256-.: 25-5 14, 30, 70 
Actinocrinitid indeterminate 2 ............... TE SOS 715183 
Actinocrinitid-indeterminate 3°... 5.225.220.5055 14, 30, 70, 83 
Actinocrinitid indeterminate 4 ............... 13, 30, 70, 88 
Actinocrinitid? indeterminate 35 ..22.55-5..25...- 12, 30, 70 
Actinocrinitidae Austin and Austin, 1842 ............ 923 
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Aine Mlezerel tavern bers ayaere re ance ehelco-tey eects cient esate (1a) = 
MESS 8522-24" 33. 39) 585 715, 735 76; 795 80783591592 
Nina ONAN aes 4 epee Sets wuss es Spas See el 11, 12, 104 
AintemacnmidaeHagdorns 1988 52222 ec eee ee ee 45 
Akacha Formation .... 10, 14, 15, 18, 21, 40, 61, 71, 73, 76, 95 
VAL GUNOGTINUSIOITK= MOS 84cm eae eis =. cats tutte ere as. 57 
Algeria (n) ..... 7-9, 12-15, 17, 18, 20, 23, 25, 31-34, 57-59 
AMMISOD MRCS Vanes is HRS SEE SAS Sie HHS She es 39, 68 
AMMIMONOLAS( ah2 seh css cya AG cheve per secuch sues a evens wae e ciet ee 8 
Ampelocrinida Webster and Jell; 1999) 222.223 .2-52- +2 - 42 
TIO PCLOGHMId ae yanks m OAD Tse nieiteqecs ais ae a Seueyere urs oes 42 
Amphicrinus Spungen L906). 35 5 32 ees coe ee 15, 59, 60 
Amcarbonarius spunger, 1920) Sessa ae cee cts os 60 
At diverrensestrumple; 940) a2 ssa he ee = ee oe 60 
AM ONIMOSUS De'SPs © 2 ee Sc. 4) ele) Seen Se 12, 59, 60, 61, 72, 107 
Amiuberculatus, vakolev, L9G f= 32 545.454 -eoe ee oe 60 
ARUDIINSE DD. SPia cies seen eel Se ena eons 13; '60; 61, 72, 107 
AM SCOlcus Spungen Wright, ION) fae secs. ce nla 60 
A, Shynltae Sura ys HOA) GG Gi oasis a nip oo ol mio aor 60 
Aniuberculatus Yakovlev; 196) 52. 5435-20. 065055" oe: 60 
Amphoracrinids pis fy 2 aie at ch le ee oes Sees ees EB 19 
AmphoracnmidaeBather 899) 5 53 yas ele eee = 2 ee ee 19 
AND HOTAGTIMUSPAUSUN S4-8e 01.1 vetedel ai/4/snsiae <<) ete alis 14, 19, 20 
A. gilbertsoni (Miller in Phillips, 1836) ...........-. 19, 20 
ANS Ghiroelars (Clasin Etatal Newey NICE) Chae sa haconaeooeudoc 19 
ALE OUCHIADE pPey OAs perce tices cicrelcletey ae) le cies est ones oe 20 
INMINQMHO UI MONE shea oaeoe eee on on ono ooo oe oo i122 
Amphoracrinus noy. sp. A. Pareyn, 1961 .........-.. 12919) 
Ampullacrinidacimembar reyes ates eects cues = vet anes =e 44 
IN TTMTTT OS We HO Gap pen agocabosaneon oe 12, 14, 44, 45 
ALWINGTTEGEM NSP weet = eet sei ese: 12, 45, 46, 47, 70, 99 


Ah. AUIS Ws Se oo gn55noasnn0ee 12, 14, 46, 47, 48, 70, 96 


Ancalocrinus  webstenanditane:, 1987 7 20. sr... see 2 ole 19 
Anchicrinus Strimple and Watkins, 1969 .............-... 56 
(ATS Clie Gg Pere Pere em ieee cietie aysjote ictal Steicte. svelte, o's 40, 64 
AphelecunidaerstampleWOG7 srr cele este) -uans = yeas er = cet = 48 
INA TAGZO AUIS Bok ola como cog somo ed ao boone on en oe 1] 
archacOCidanidl somrsts aeiechsct cas ic ce civecede Hiner ae ore 15 
ArchacocidandaeiMiGoys i844 S52. ae ee ee es oe 63 
Archacocidaris MC Oy ns USAA ecge cid eit ete eioicstet secon) = 14, 63 
AT GRACOGIGATISISP ia eueue cease esters pen ene = 13, 14, 63, 72, 108 
Archaeoisocrinus Webster and Jell, 1999 ............... 45 
Arendt: Yup Ae See pega sachet grove sc sats spay ss See mes 18, 64 
PNTOMEVEL ALL ISIS), ob ote no mono ce cto aod Be 42, 45 
PII We oes ole omar ors 0 0o.b Sard 0 Oi Gomis OIA Oo 15, 17, 45, 50 
Artinskianl peeestonceonsisne meena vensnc a scuer on ail sy aves c. suerte 45, 59 
Ausich; Weil gocesoaee saee e 11, 15, 17, 27, 39, 40, 64, 65 
ANUSHIDS OLS, ayegesh fy aeesiet as eae araieig tre ate sis 2-3 23, 31, 36, 41, 64 
AUS tralliasi2y a arene bauer hy eum apenas aera 45235) 2532753 
Babi ns (Gap ee iene eae e etter ile kare along actin) Gye awer es 39) 65: 
Balearocrinus Bourrouilh and Termier, 1973 ........ 14, 15, 42 
B: breimeri Bourrouilh and| Termier, 1973-5. 525... 2%-- 3: 43 
BE cantabricusMAerbl gui O82 esti ere een teens eee a 43 
Be WIRAIG Wo Sok cin nino n moon eee bodes 10; 11, 42, 71, 96 
Bang Onimestoncwerssaaekiy eet ae meneame ee eerste 12 
Barycnnidacwacke lalOll Sima -ceu-vemetot an shens tenet ise cean st tr-aiow 40 
Barycrinidae? indeterminate! es. ee 10, 40, 71, 95 
fRInkenibN Como dando A hoo nano boo OU gino am aos 11, 40 
Barycrinus Wachsmuth and Springer, 1886 ............-.. 40 
RW MAUUU Soon boon ao omen Oo ba oD to.0,00 o-0.00 ho 11 
basalacircletae saan cya cuca ie) arma ed raaonto on etie tee ueion fac erieh = 16 
basaliconcavity ges swt ert susien st tee ems bemenscarisn chet eu. Wemem-Reperey meats 16 
basallinvacinationymrrarcnacmicr nioricu sere ie cna aer neta 16 
lapel obeela @ GeSitee Gaxolnin Dino e elaln Gin oom tale Bias 7, 10, 13-15, 

19; 25=285 30; 31) 355 36;, 385, 39551, 524) 542958;, 99.6163 
Bassler RvS* rie aon eae eee 10, 12, 14, 20, 40, 57, 64 
Bather, eA hcene cures sett eiceusttemeier aus 11, 19, 40, 49, 64 
patOCrinids:., sycserce ci sxg Une ead eee are ae ahh emer ouch or sc: 32 
Baumiller (Tk, sae acs aero Sein as One 30, 36, 39, 64 
Bécharsesee 8, 9, 18, 30, 35, 36, 38, 49, 50, 51, 55, 59, 61-63 
Béchar Basins pean arts ol ae cies cic eee Say oes verre 7-9 
Béchar-D) jeu dl aega enna ciety tet eee oes sotuctinie 2. cisay esata 365 O62 
BelemnocrinaceayS eAveMillem SSS eee. eketet a ate ate telen <i: 39 
Jefleriqara digs, xs IMME MIN oo whoo noose kno od md 13527 
IB: erafensisaneeSp=5 Varennes eee See ai 13, 27, 28, 70, 83 
LEE VIA PA Desh dt bse IRIS 5 Gon Bo obama conn Boneh a oule 28 
Blake sD MB reper auaye or aot diuenel ome ata oh 39, 41, 45, 68 
lB CoN Glon BENZ Wes) a pawole Soo ONO OOD oho 6 OOo ooo 7 
WEWOGIG) ot se ceoeaoe amo oto 6 ep OI Uo oan oda 7,18; 1S 
BOLIVIA Petar Nope gee nite reese fect, Coed shay cutis lament peeeliansea tel Give 154/59 
Botryocrinidae Wachsmuth and Springer, 1886 ........-.. 40 
BOUVOGTINUSPANS CLIN yl Owe sneha ch 2 esta races eeavne newer 40 
18% A GULOSOUDS (NS bin, EWA Gop ent oonbo lode ooo So 40 
BoulmanegeonmathoOnigreseger-c- rete) cue sis ees ite) sels uel 10, 71, 73 
Lwin IS soo cu mogacGod couse wom 4 ou oD oO 42, 43, 64 
ION Giee AIL, odo na oeoenGo pppoe 4 oon 14, 24, 31, 32, 64 
oye obrofovovels. = one AO COMM DOOmtOognboUGke dane oad oe 8 
islae MNS soon op mada tocond ODO Hae 10-12, 16-18, 37, 64 
BOM MEA GA eve o cher sea cs) wire fare. sunbafebeh sdaenehcmss ee on dessa 19, 64 
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BLOWCL ei Goe reer rene cece eemene Cree oiatere ne OOF: 
IBUnGiCK WD. Witte cer esccachiis ence en cee a easp ene 12, 39, 56, 64 
Galceolispongiidae Weichert OSA cayateu svat snen-i-tenlemet watts 42 
Camerata Wachsmuth and Springer, 1885 ............... 18 
Camierate(S) 6.0. s-cecvn cueruncre stasis ues severe eae 10-14, 32, 37, 62 
CWanadar s.cashe: a eees ses on oe OI he ssl TRsep ey Meme ceeons le Aas 31 
Cantabrian Mountains). o cusacitc cecum ist skeucpemsucreecsesr sie neiene se: 43 
Carboniferous 25... .-..- 7, 8, 13-15, 31, 32, 37, 44, 51, 55, 58 
GanpenteraP Tl ceria ec entire ite nts oe nee Sera tte anced cise ae 17, 65 
GENOZOIC® yore Paste cette Gu Pde eectneete Patou tae hcbetene nee cane 8 
CephalopodSiarerctirs cacperenshshe enstepen cdot omen ys ence ee Pica ere aene 8 
(Ghabet) Kerkour- Formation) ay. s.r teen cre aie avd oewen ome 30, 83 
Ghadiant eee Bek oy tae hea ere oe ae eae 11 
Charientocrinus ithacensis Goldring, 1923 .............. 45 
Gharlestown Main) Wimestone > <r--n-wercneteiel = erence enent os 44 
@hebketw)jihantys corncts a -suaverecc ens easter 31, 34, 35, 48, 59, 60 
Ghebket Mennouna® /o/'2...5% Ge et. ee eas 9 27; 29° 355,393.55 
Ghelocrinus Von Meyer 1837) aa oe <a anclens <n 30) sverete 45 
Ghenye Za rece erie tc OLS eee) Sos ceew ee eve ods 14, 19-21, 28, 64 
GhemoyvasiGe Ns ears crensdigene: Gunnar olsen, ek cuchewentne iss sats 58, 64 
Ghestenianiage cle oci..e Serna shot eke rok Moule ie inner OOO) 
Phestannaty TOPS oe chee he Gass ager es tes meas cArpess beac es ete 12, 64 
Chlidonocrinus Strimple and Watkins, 1969 ............. 45 
China eek ecient 14, 19:20, 27, 28; 31: 36; 533.58 
CIBDOLOGHIMIGS) Ayexd cau ety areas e ess eg DPE wes seen ees ge 7 
Cibolocrinus Weller TOOT. we cucpetet «te a) ei encdenes : 14; 15, 59; 61 
C. africanus Strimple and Pareyn, 1982 ..... 12 4S 5993. 72. 
Cidaroidai@lausy1SSOw % sieves eras eas cies sa cure awe ease oe sols oes 63 
Citrall((us) invagimattons S22 .s.c (ede a2 ae fous: oeeyence ve oad ee os 16 
Adee cbc, crete ey a tena. atte) em wien wit ahr eae: oneeoted omens 15, 43, 49, 51 
cladid(S) csi asi eee acscebers aps 11-15, 17, 37, 40, 41, 45, 49, 50, 62 
Cladidiamalsy cf... srisye ce ches citer so \eyate a Sechay ayareaoeuarersn yin sein kegs 17 
Gladidvindeterminate ener eeaeee a eee eee eon 14, 58, 72, 108 
Cladiditindetemminate:2) 32% «ye eseeteree eee 13, 58, 72, 104 
Gladidiindetermunaters ime) 2 ye ee essai eee 10, 58, 62, 73 
GladidisindeterminateA ya. tsa eis ces cise ss 13, 58, 72, 108 
Gladidhindeterminates dues -sescyens cre eae ee acnci ci hoe cee 1359572 
GladidtindeterminatesGs cwescisie.s es oe sac stee ene eh arts 13; 59; 72; 108 
Gladidtindeterminatew/. y=. sens s ceee-tch es ee 1357595772. 108) 
GladidasMoore!and!andon:.1943) nus sicisys sreenee sie: oes 39, 41 
Glarke el Me Pics cacy treteet gota Aton ce soap es tie aie eve 32, 64 
Glassy BOW ss 5 china ss: cisite Oke Rig a iat oo ne Aare >. ach anes leased 63, 65 
COdMaCrInidS:¥.Jch sh atane tds ces ae el etope ea oy. ey ed accent ee es 45 
Goelocrinids 3.2.4 2053 hi. Gad ieys ke ee Ne ck eels 32 
Columnalfundesionated! 124.4 . aciscsn cia oe ee 13, 63, 72, 108 
Gomatulids 27 wa). ee. ones, eh wees chars, Gata Meee Menta eet 7 
Compsocrinina Ubaghs in Moore and Teichert, 1978 ....... 19 
CONMOGONES: GF, yi eilsy-s, Se snateices, = de ccs) Sueitehen yehen ole cue cs sites searene 8 
Corythocrinidae Strimple and Watkins, 1969 .......... 42, 45 
Corythocrinus Wack elOAG eo.) aute au ee eee eee 45 
Cosmetocrinuss mark OA ee. osc) ate ave) ences ehonereh eae ca eh eas 48 
Cosmetocrinustispir. sa. 2) staid as ese) sane oes 11, 48, 71, 96 
Gnnoid Indeterminate 1, <<66 04% 00 5oa cee. 13, 62, 72, 104 
Crinoidiindeterminate 20 a). sc css eine erie 135'62, 72 
CrinoideaiT.-S- MMillerwliS24 ss neces eeeeeeet a dade ays sene eee 18, 39 
Crinoideasunclassifiedsees sn - chenshsrte oko edna ere 62 
Erinoidssindeterminate; are cyeecevciscelele cle ushel east eons 13, 62, 72 
CHINOLGS 4. oo Pe cos cy cy ke eee em ret Ey ae ee ee 

ea eye 7, 8, 11-13, 15, 17, 30, 31, 36, 39, 41, 44, 45, 59, 61-63 
€rinozoa; Matsamoto; 9295 re ss fe ci sea a) cnere cause cie oneal ane 17 
CromyocnnaceayBathern i890 ayn wenatcusnt et acters ehenelnern 49 
cromyocrinid (s)......... 11-15, 32, 48, 50, 51, 55, 58, 59, 63 


Cromyocrinid? Indeterminate ............... 10, 55, 73, 104 


Cromyocrinidac Batherel'890) easy scree ieiee cesieer enone 49 
Crotalocrinidsys. Gite casratens fare Worcs sens Radon tna emer Atay egg a 45 
Cupressocrinitidae Roemer 18542. ac. se ceo) sear eine 41 
Cyathocrinida Moore and Laudon, 1943 ................ 40 
GyathocrininaBather 899) 2. - ans cea ese eerie 40, 41, 42 
@yathocunitacealBassler 193 Siege ae miei cstere een eee 40 
Gy athocnnitidsis a5. cee een icc cheer ene ee ee 17, 40 
Cycloscaphus Moore and Jeffords, 1968 ................ 63 
Cymbiocrinidae Strimple and Watkins, 1969 ............. 42 
Dastanpour Mi asa ee eee 8,15, 17,23, 31h 59168 
IDElG aU: Pera ert aie cn etd seed pee es 8,.36, 51, 535,625,65, 
Delpeyn Gare teeyeocgad saoynetrmevaepeh see ene noe 10, 20, 65 
DelvolvésgiUe, uss estes clke = one aera Secu ee eee 39, 65 
DendrocrinidaiBather, W899 so a ae cc cseseeyeeeene eee ene 40 
dendrocrinids' Jen ne 22 ieee acta en ene 13, 15, 17, 40 
DendroctininavBathern i899 sve ess4.n-w-ke se use Nemes eee 40, 42 
IDES NESE Gomori oda omae oe boob 65 6 135, 145 1527 
DEVONIAN se spelen eee casneape synee ees 11, 23, 27, 31, 445,555.58 
Dicromyocrinus Jaekel, 1918 .......... 11, 14, 15, 49-52, 54 
DW CQtil USpMe Spee enes ae eee hexchsne ea te ee ener 13, 50, 70, 100 
D* granularis: Easton; L962) 625 28. os egeeaue ses Sea ee 50 
DMV ASINGATUES Ms SPs -te chee seen ees 14, 50, 51, 70, 100, 108 
DPD. medius Moore and Strimple; 1973) 2. ...2,2j2 = cee eee 50 
DPD. papillams Worthen; 1882: s.2 ene ie ee ee eee 50 
DU VASTUSGT 7 SP=4 east us xe) op sbeneats 11-14, 49, 50, 70, 71, 99, 108 
Dicromyocrinus? Sp: an vont tess ae oe 135515595, 7.05100 
Diplobathrida Moore and Laudon, 1943 ................ 18 
GiSpandS sci-n.y wom eter sbensciajene © chs oreo puciee as Puce eae 15 
Disparida Moore and Laudon 1943 .................-- 39 
Displodocrinus Websterand ‘Lane, 1987 = 5 22%: fee 19 
WjebelvArlaly 3272.2 ay <eeoweccasytnsyes eee hake Gore ee 44, 50 
Djebely Bechara sya sa. swan se: 9, 26, 30, 47, 52, 56, 57, 61-63 
Djebelibomeltgew erste. here ere ie eee 95 295 30559 
Dyebeliloucha™ 228 cee aa ee cusle wee cece: Slade 95 17 2140 
IDjenieni ee sere. 226 a seen te 13, 33, 38; 47, 49; 50! 53555 
Djenien!Pormation: a. 20.-<4- ete cue ls se 10, 12; 14, 153156335 

34, 35, 41, 44, 48, 50, 56, 59, 60, 70, 72, 91, 96, 104, 107 
DyjeniensMember (i285 26 ees 12, 44, 48, 50, 56, 96, 99, 104 
DOnOVanwSi Ke,” seatesorard es sien eee kee ee 11, 30, 65 
DUB Ar IRs grvescisncxeeeskere espe eee ee ee ee eee 27, 66 
Baston). Wi FS (oii erntrais 2... citroen cs) kee he ee eo ee 50, 65 
echinoderm(S) sais) apt iaco eis coaueaerarcne enon 7; 8512) W439 
ECHINOIG(S)— Soo soe ate lene cato) ch cures etceeee bone aeons 8, 13 
Echinoidea, Leskes W778) = S75. sien c)snaie c sueteteus Oe ete eneS 63 
Echinozoa’! Haeckel i727) Zittel, 1895) 27. 2. 1s ae se cecneneeenenenenene 63 
Ectocrinus Wright, W955) 2%)... a 2 ei eee 2 see 11, 14, 15, 19, 20 
E. anthodeus: (Chen and: Yao; 1993); a. . 2. a ethene ee 21 
ES. AEMDARSUSHWVEIG UL, COD 9) cn eelede alleen ete ete eee 19, 20 
By macneanensis: Wiiplit, OS Seteey<ushs (late gegee eee 19, 20 
EB. MmezereltensissM~ Sp) 6 se mn <4 seiner) eis 11, 20, 22; 715,795,780 
EROlla WHEN OSS Re teevice st ae Re Bs eter NT eee et ee 19, 20 
[ucgelelo/ Mil Oya ag bin o oo Beto G6 op 11. 19, 20, 22, 23; 71; 80 
E. rouchi (Delpey, 1941) n. comb. .... 10, 11, 14, 20, 22, 71, 76 
FECLOCHINUSASPs isis co avaaai aes s ate Goats aeunscee) eel Wegona Oeaene 12 
ECLOCTINUSTASPs Wocin cas Gish ae ee Oe Oe 23, 71, 80 
BIRAQuid jae Siehs a. cyeesnen cuts ch ee eee, ee ee OOO EOS 
El GuelmounayB asin steep aetnst varie eterno LTS 7, 


EliHamiar \.cicct ve Se omeyes cyeeue tenes aise oka ecu ea enero 39, 58 


INDEX 


El Harrada Member ...... 12 V5; 233,53; 575) 173; LOO! 108 
Bie fas Member cn were sues s dienes Geen Soe -cud eects aN Th} 
ETSTAT EMERY ce A eee cer eke anis acum serine amet cep he ined 11 
Enascocrinus Strimple and Watkins, 1969 ............... 59 
Enerinidae*Dujardin and Hupé, 1862 ...............5.% 45 
IED CELDIAS Rtas srvcilie ati s ocye acu cncueieat ere ay ays OMA ees ee 45 
ENGeM GB eerm es theta is tetera eae eek reneee ote toindexs ibs ny ake 1S 
Eno landemearaieni eck erect aicrs oratalereronnye IL; 20) 27528; 305 36 
SHOAL Cea Sd ICE IT aatso boon ao oe be oon ooo oe 51 
then seston Ty meuonen: ean sence) ean ie en ee ne 17; 165 
E(tensohmbe eames syier gained neem cients aver-cp ep ecnehsvarcacts 12, 64 
BucladocrinusmMeceks \Si2i 9 ki.) atenolol 14, 32, 36, 38 
PDH AASV ITUTIELNICUSHMen SP it cs) cys ievare: el aye) tae este 14, 38, 70, 95 
END ICULOVLMNENUSA WN Nites SO2)) tae ar) cet owe- renee ee 38 
LU CLACOCTINUSH GSD MG fas sete etna sot os 1-7 eT ee 14, 39, 70 
Euonychocrinus, Strimple, 1940) 23.3. ci. soa e eae a 59 
SULOpCles, He = ceneseue sete Sie 8, 11, 13-15, 18-20, 31, 39, 63 
Euryocrinidae Moore and Strimple, 1973 ............... 59 
EWS PITOCUIMIG Stet gay staan etree sas chi wavteenSarce eres sue pects - imeem oreo sees 45 
Rifeocrinus tielensis (Wright, 1936) ......2 0.0262 - 12, 45, 46 
LF COCTITLUS'SP a sa aia oi VS Be eave eet We one eu) ee het TER: 11 
Bissiculatamaekel: plOU8 sic. euctenecie is eieieaseseene a snercnene ye 17 
Mexible(S)i es weet eee Alec eee eee 11-13, 15, 59 
nlexiblemindeterminate svete ee-ne ese ene rere 14, 61, 72, 107 
BlexibiliatZittel e895: eysrcter ciliata oo + era aie ce rclehe= hs 59 
HOTA waar a UM gers asi sc ielsey Sadesiare deere enue heave apcue ds Aste! Gi 8 
Floricyclus Moore and Jeffords, 1968 ............ 14, 58, 62 
F. angustimargo Moore and Jeffords, 1968 .............. 62 
Floricyclus cf. F. angustimargo Moore and Jeffords, 1968 ..... . 

Sp Mees aye eeu hte et ane Mene ey svete. 13, 14, 62, 72, 108 
fOramMiniterays step gtale asp seo as 8 AROS et a) fists Ane hose m Seas 8 
Roummech | @hepsuigay ese ees = ere 27, 30, 35, 38, 54, 58 
ROUMMMESTS Dalen aeagrs erence, iat) actrees se, cee aedeas Renee 48, 63 
Gah MEW inctend srseterarateche cooh fue eva ae wistrice wach ae See 40, 65 
Gand Reyer aleteher a sissies cu thane oteeistkts aie.cmechotnlers cauees 39, 65 
Gasterocomacea Roemer 1854 faa. 2. eran ei sens ee 41 
PASTELOCOMACIAS Een vs nese atest nia sheets ete CONE Toe eWaoNe 45 
Geinitz WEB yer cier csc sea eve 2 eve Rena MCS \ieeeE ors eae 55, 65 
Give tan wena tewover te eee ie ecese, eee encuep eit rckst oc ute pee a ae 45 
GlasstyAny Gieiriers.« ceakotecsis crsce Quer a oie aie Boe iaes 39, 41, 45, 68 
GignIDecimltojiietiton . oA ocovecgosanededucanadcoooc 12 
GluchowSki@Bs) icrerctere = Seniesa Ns sore chs aes 58, 65 
Gly PlOChinid Sera. eee awerey eens tension fe eerste aware iA ciseot one 32 
Glyptocrininay Moore; l952) 2 22.5) sua aie ei.eejere eens sclene 31 
(Sol Grin SeAW es neta oe, Jone neal na, eee oie 5 Sah eee 45, 65 
GIES WEIS psc ou dina Oe amcin ae seugonns wa CN Po Cle (fey 
GutsChicksRis (Cap peat tees vara a asteuise sees ee oer ews Leal Ss 67 
IAS CK SIE SEA Sy roy ci cure nono aceon eneueics sence al a chepe eee se Ge 63, 65 
IBEVIIENG ID o.ain csi ote cee onan ep rieecue Go Gi cto ac Ulan opanofe) 
ae dona Hom weenie cit reve-toig = escusts eotat re eeusl eu opeh Sacred aces 45, 65 
JOE «8 ni oley eirng, RRR ace eae OT AE Ee 31, 43, 65 
EL arKe7Z/ HOLA OMMaray sha yer erent seyi selene pei eneleaerenee eke os 10} 7; 73 
FLashimOtotAaReerecnere ey tse os eee ey a eleeccay ces re 1B 5155275165 


Hassi Kerma Formation Se MOM32 255 2652859305 355, 36; 41, 
50, 52, 55, 58, 59, 61-63, 70, 72, 83, 88, 91, 96, 99, 100, 104, 
107, 108 


ATVI AOATESIN (IN, Gasacaaoncoedtounseene 14, 15, 40 
lak GETS TOUS SoguaposanesseGes 13, 40, 41, 70, 96 
Fle rb I oa Ele Gr Aargs, 2 ateacran eh ae wees lc oe een chs eel on cncesee ake 43, 65 
HidvellKefihonmation ac. ees. te eee ies gs) eed Se 12 
HidlvelifixeiiMember gr) «2a neleieeel= 12, 14, 45, 71, 73, 96 
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hori ontalibasalicinclettaeaenssena tienen tele erent cians 16 
horizontallinirabasallcimcletyey. «a. te cite sat else ail sie) es ileneaaie 16 
FL OU Wide bine neers Rcmeat Hea eee cotgere Beene hc sureentocneee ih. Mash age 27, 68 
TL OUCK UKE em eaeteporeccs Siete treks necetert O ews citys ayia 3 39, 68 
Eydriocrinus: Irautschold) U867 «2 5.25522 eee oe os 14, 43, 44 
H. acehillensis Pabian and Strimple, 1985 .............. 44 
ETE CON{USUSHUSESD ae aee rane eaush oe) oreme ey ores eye 12, 43, 44, 70, 96 
H. lorraineae Strimple and Waktins, 1969 .............. 44 
Lem assoedowaé: Yakovlev, U926) ais ee eee ce ee eens 44 
HE pusillusMrautscholas S67 “ios... s2 see ss cee ee cee 44 
He roser, MoorevandePlummer, 1938 “2222 ns <2 6 soca es 44 
lek Wnidoiehig Syiotn les IOV Soo bone a eo Gadcudode.od bc 44 
FLY PSCLOCTINUS MAT OA Oars aie succes ees S teconaie cee a tie 44 
TaQuertak rcs cutus) cccsy he nee reps ese Shee Hie le a ees 30 
Iberocrinus:Sieverts-Doreck. 1 95il) ees © eysiees seas ee) ee 12 
leliPormation ssc ce ee ease es ae ok aa oe OF ils 73 
(Minis: B asin Arerwenaetenc war vem ee hl ees are te cata Gash eee roticiee ee 50 
Inadtinatay estrone cere teen aeecae ate cashes Cie ack edeke Gases I'5; 39 
invertebrates: UA scans she chceere ior eae ees eee ork ete Sine Kena 8 
Urania Aesereny toe ee eee Cee enone co Pee cee ee 8 
Trelanid’ e.rotae susuet steele ees wed pious sue, cranes ee hene 2OUVDT 316 36539 
Jaekell (© MSI Ss pacers hie enolase ere 17, 40, 49, 59, 65 
AE: \oX: Ta eee cA aes ri ceoulans 4 Go -bic oe Oot neces omnes 13-15, 27, 31 
Jeffords) RIVE arose eerie selene cin: 135-3758; 62, 03,407 
Vell, PE AN Re Meow oe ees ate 14, 16, 17, 25, 41, 45, 50, 68 
Kammer “05 Wiss. ac gereaeas ay tyenetencice eras cutee aietee 8, 11, 40, 65 
LeVAlaienverns cea o Ge bole von moe apes am eee alae me 58 
Keegan! Ji Be) tener on.) oiote oi elgecen coh sees ca een 44, 67 
Wenadza, sapayetvekmns pee wlth omar Nps see epee sec a conocer Oo 
ISCSHIiNn ORs, Vil Rigsictaa ahaa eee etaemere eter inn See eas ae 39, 45, 65, 67 
ICV ESIC OIR, 5 cu icpsp bcp sieasse cups Sst Sue tetete Bh sen stbsieeee cs 32, 65 
Kainderhookian ss). = actencuesie se etemeed Me. W4 918. 25; 27, 37,239 
ISSIR AE ea po ycneyic pet baks ree Aces uence area enels meen wen ne 37, 48, 65 
| OLEAN OE ee ieee ads Go idic-c co Shona ert aon cra cee 39, 68 
Koryschisma Sprinkle and Gutschick, 1990... 2.2.2.2... 17, 18 
K. saharae:(Breimer‘and)iMacurda, 972). se. see) aeteteue eee 
Bree Ae Reiyeh hey oie Socrbeg se ReNCus dewech teen a 10-12, 14, 17, 18, 70, 71, 80 
Kallman: Joo 2s cheesy oe ecaepeme nic ni hut wou aca eee oe 395165 
Makes ValleysHormationm cpa rem ysicseneneneie taxis eiretey iene ease 18 
GENT Se Cr oe ben IO CAO ore Onibcidiuin Ho Gis Din macInIae tare 
15; 116; 19; 20) 25; 27; 311) 36;,435;44,°50)52555; 65, 66, 68 
Waudon; (Ug Regirea series 18, 19, 39, 40, 43, 56, 60, 66, 67 
Laudonocrinidae Moore and Strimple, 1973. ............. 56 
Waveines. JiaPe . xcdue, cy ce teuencce ity settee ence ae aes eek 39, 65 
Mecanocnnacear Springer Ol Se wena eee ee usec een eeee ne 59 
esrand=B laimsiMis, vo lacuc ceettetclaneesenee cose eae eae rae, Sveetes Fap85 U8; 
25, 26, 30, 33, 35, 39, 47, 50-52, 55, 56, 58, 59, 61-63, 65, 66 
SMOSQUETRAY: Biren gare ee me pe Repose sekere tee che cheers ioe 8, 10 
TECSKES ING LG aiegatrs cee nts Poesia eps iia uc nen scsaober Sess) ceeeistox etic 63, 66 
IEG t0)7 Ao lh sane) ord a BONO or Clore Gin OrOin CO CuenOIO Oe Al eo OAol FA ots) 
| Estee UTENi A) ise) DISte cs Ghote Hy ch orci nee CeO aRCCRE ELE ae Chonan es REN 14, 66 
EAU gOS ype Ragen acts terot schon ame shh waned sec yee 27, 68 
Eodgepolevhoumation res arrestee esa eee csieyeue ee 18 
EovocrinussGoldning 1923) mo is ste ee sae et nels toons es 45 
FEN DTAHAONSIS ET Cals LOT Maa eteparecr ay cee te eicnetel 2) echo enon: 45 
EE ACONLCUSPRESIIN SLOG Siem tegveue tel eieare nen ee seteke erat nee ene 45 
ian vemiculatusiGoldnng. 1923) ers cys eke =) Welt ei eels onl ere 45 
eminfundibuliformissGoldring,, L923 yn. tetevepene ieee shetatot sl 45 
leeko pfa(Goldring 1946) meee rena te asic ei eee 45 
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IME Yo) ot a0 TeS A) att Cao RAN AEA Pir aos to Bit ho Sac 39, 65 
Macurdayb Be, Uiicsic 2 slaw ee ccs tene, «pened 7, 10-12, 16-18, 64, 66 
MadenieluMahjib: Synelineo.a' se = Rete 2 stones oes 19, 43 
Mam Cer SAW sakes be css ems oh Sie 0 eotcha) ae lepers Skea Sosy eiclgs yen ote emshece ere 8 
Maples CG ies ys. 85. 15;117;-23; 27; 31, 36;.53;-55; 66; 68 
Marcus Sa AN. cal he aoe E euigekalate. nets paler ee eS OOONOS 
MantinezsGhacons, Vii Wi. Fo 5 evens xa vate rere jetrarcusttanere ue hele 39, 65 
Mastigocrnaceaackel!. MOMS! sgeweahet. teach. tsuceeactec her sneamss= 40 
Mastigocrinidae Jaekel, TOUS." reise. cweyecacicne teletonene 13, 40, 41 
Mathericrinus Webster, 1981 ...........004% 14, 15, 53, 54 
Mipercultusskmnapp:, 1969) .e.cnc jai aetous eters ise, agen aiseelowensra 54 
M:.wallacéi.n..comb). 2.26204 865 13, 14, 53, 54, 72, 100, 103 
NEAISUIMOLO SEIN 3 Leis ee ccs: aiieua ro aiche date bonaytiseele: azeteyiece 17, 66 
MVEA WSO Re eo fos wala! oyesien aitevie tant veub ter have ass 155. 175.235.35).935.68 
Maz ZeriHOnmiation 2 cwehs c.cpswonetele ctoke reyes, ie aveule cuits! o's, avemeieieerrene 
eee 10, 17, 18, 21, 40, 43, 55, 58, 61, 71, 73, 76, 95, 96, 104 
MSE hesney ae MaDe wyaea-c akestcike Rave Some he tonics voc nase anger spemene 31, 66 
IMGInto sha Gren Grates Weate site casa Gu aweserissas neue ta steers 17, 40, 45, 66 
INMICKCLCO WS WIGS hie Sees cond Sisravnanis terra Buisnge aren ersten sith ws Geeuenes 31, 67 
IMIG COVA Bte Ge sais Bid sa vathorionterie. ares dap siteu piasiesu shan siacjaa: ea aaa sna etone 20, 66 
IMiedItGITANE ANY vk. veo ference is comes, wi eters cones ele erie, ae oeaviomtete) Se LS 
IMIGCK ERB Sercateavhs acest fayrNes 5/05. eas ge ais OSespiceociseeine ters 31, 36, 38, 66 
Megaliocrinus Moore and Laudon, 1942 ........... 1214, 9. 
Megaliocrinus aplatus Moore and Laudon, 1942 .......... 19 
Mes aliocrinus?ispst ctccnst-t2 15 aise ttle Act ste teeuodsy ot e's 12, 19, 70, 76 
Meharezifelie bin tions sda ais ciate chap steyomensan dees neyehettue ee 58, 61 
Mel bDacrinusts triple oa Oe... ie eentecienitg¥ateue see wore) shec eae a 44 
IME LOCHIMILLAS; Bay Sassi w ottsyiee cs oylerts sy soles ts arieuts esaye¥ stlerrat Gis dene tees 32 
IMferamecianiins tha cis) sheers ic cua naescliow one ts iciwerclivae Mbsyens Ls 135333 
Mespilocrinid!2epep ita. s z.ctc oc rahctey es AepensacsdnGyeusqiee shi us ape? 61 
MespilocrinidaewJackel 19185 is-aereteausicisy-a-tceceeienc enenee 59 
Metacromyocrinus Strimple, 1961 ..............-.. 14, 53 
MEtACrOMPOCTINUS) USD: xwetakencuciad scien yen hes 14, 53, 72, 104 
Mier UES Streeters eek eam Ot nes heeece 18-20, 23, 31, 38, 66 
Millers SrA 0s eine eect sekcscy a cuacieuen 24-26, 28, 33, 39, 43, 66 
IMD Ree ls -Acaas aoa ta Gio eee a RIA os Gob Geers. Ga GaRee GlakS 15, 43 
IMiSSISSIPPlalyercs- pels seeks cee ence t ep ore ere 8, 10-12, 14, 17-19, 
22-24, 28, 30-35, 37, 39-41, 43, 44, 47-50, 52, 53, 55-61, 63 
Non solidi cwtieocpesihe) ea cose c parte ae nace eee eantenss cute chet sreseas 58 
Monobathrida Moore and Laudon, 1943 ................ 19 
IMontan ata taser wc sitte ret hec ct eed sens anc ene cic rscemet 1), 18 
IMonteaslewHormationinn. senccs.yeeambentecdercaceereror aon 12 
IMs KoyorelSIM WE. Se oteienscon alae od oon 10, 12, 14, 20, 57, 64 
IMA oyos tS hte K Coe Sanercn Sum iAr cee Wee TH cRonene eer reno scr pcr ai Oremt Mes eutnve Greg ti 
Sate Am 11, 13, 15, 17-19, 23, 31, 39-45, 50, 56-59, 62, 63, 66 
Mooreocrinus Wright and Strimple, 1945 .... 12, 14, 15, 48, 52 
Meceminatus (Grautscholds S67) =). 2.ckesseucdecens ae eeueeeneee By, 
WEN SLOMETOSUSI NGS Piles erates sh easie eeueieee ee 12525725 7321100 
Mamagdalenensis;Strimple sy 9i/ 5's, sii) sucnern isda cae eee ee 52 
Mirmendesw (kane al 9G4) srr. ciara vencase ates cicta ei ees ee ieee 52 
M. wilburni Strimple and Watkins, 1969 ..............-. 52 
IVIOLOCCOR A Syste enue = au iehelesa pak steviees Gales 8579;,20) 28; 31), 33 
IMFO Walls sfohe Os cieie ut Sits eeine e ewer onsaenteewses 12, 14, 15, 19559 
IMOSCOVIANI = 240 ce cs <e 7,8, 10; 14, 28,36; 44, Sily.53,.58: 162 
Moscovicrinus vaekel U9US8i yas ot cyt er eo aicisier eee: 58 
Mouizebusl Atchane}in.n4-c. ache creisee 30, 35, 36, 47, 59, 61-63 
IMouizebrelvAtchane= Member) 21ers oeie aie aici ce ever cues see 
Casas 12, 14, 18, 43, 47, 50, 52, 70, 72, 76, 91, 96, 99, 100 
IML Y AMINO Goonboomonood ob mabadhoge 17, 18, 22-24 
IN AMG AAP med cae arch eens pee ncuker use ison ee erence rca wm yaa ie 228 
Nationaal Natuurhistorisch Museum, Leiden ......... 75°38; 17 
NebraskacrinussNioore 93 Sree nine eee eee nee 58 
iNeoplatycrinusa Wanner OMGIN tei) -ciesneatet et en enone Sy 


ING WHMIEXICOMTE siicct las. shore pa acon oder nuercontemotneee tel cue ta ore a ee 18 
INortheAdrical (nbirs oc facts ertona tej estee telitconsen eqieniet anette 8, 14, 19, 52 
NorthwAmerica(m)) aor is Apeteccrcu ccenel- sei e ousia lol eusuahe hehehe onenees 


8, 11-15, 18-20, 25, 27, 28, 31, 36, 39, 44, 50, 56, 58, 59 


OenochocrinusiBreimer 1962). ian = secs eve et ces aa ea 37 
OglatiHamias =). 2 sce aus oe Ocal le ci) v2Ds0S SOMES) 
@phiuroids: esse esd wt Naples eusehs esis sos eases contin el eee 
@sagean™ = 25h i sysconsee 11, 13, 14, 18, 24, 25, 27, 28; 39558 
@ued' BelGrounBormation) cscs. .sses ech ey eves ot ol ol cae ee 
B Cnaereciaa Ones 7, 10, 14, 36, 51, 62, 70, 72, 92, 100, 104, 107, 108 - 
Oued el Hamar Formation ..... . LO! 135.14; 27,5285, 30835938. 
39, 54, 55, 58, 63, 70, 72, 83, 84, 87, 88, 92, 95, 100, 103, 108 
@uediNarkday 625 cicccieos ial = Site ssh ous ees arlene eel e neaeetetaneye 23) Si. 
@umieliGraf Member sar. - 2a soe ef oe te oes mie ee we Ws 
Pabian Rois, ac Biv actens sree ep cuscean mone) oedeapeee neem 44, 67 
Paianocrinus Stipes sO Sil eepeersneies esse asee teen eee 14, 56 
Paptusrstrimple 9 5M acca syetrccy a kal encr eet enone 56 
PAAGArINGtUsMDy SPs ways eeseset ste) Vousis shen uaeae 12, 15, 56, 72, 104 
Jesaebig ias\idii ten MSV cal Moana AO Oo ano ot aco 56 
PalaechinidaesM Coy. 1849 <i. c) eee eens eve) irene eee 63 
PalaechinoidaHaeckel; W866). 5 a cies coe ae eae eee 63 
PalaechinussMi Coy U4 wey. rlse-ra ot) ecu =. = steel user 14, 63 
PalaeChinussSPA 2) ns, sesios aeeis ces este eho eke 12, 63, 72, 108 
ale @ZO1C x. ceatienaeucwe us lcascrascdicre omens 14, 15, 17, 37, 41, 45, 50 
Palimeraieides 25 aaisi-vaens eect nora ors ee eianee 38, 49, S50, 55 
Paragaricocrinidae Moore and Laudon, 1942 ............. 19 
Parazeacrinites Burdick and Strimple, 1971 ............. 57 
Rareyn CMe petcaeten uence 7, 8, 10-12, 15, 17-19, 21-24, 27, 
28, 30, 31, 33-35, 38-44, 46-48, 50, 53, 54, 56-61, 63, 67, 68 
Parulocrinus wallacei Termier and Termier, 1950 ......... 53 
ESS OAM eA COO AB o.d asia pac Noo 4446: 38 
PenningtoniRormation:: <2... 22 sass esis is = eens ci te ee 12 
Pennsylvanianiges cnc s-a-aneeeate cticeewe oer oiokotel sg rene 8, 105 1 
13, 15, 19, 23, 25, 26-28, 30, 31, 35-39, 50-55, 58, 59, 61-63 
Rentamenic’columimives. =) ster tde-l-pen soniye) cae ane een 40 
Pentameric:colummalsic-02y. eter-cit er ner -nee-i-tedeae ee ek ee ee 11 
PentremitesispsiPareyn, V96U. 2a Js = = ain ol cae 17 
PeriechocrinacealBronns849)) a cy-e yes -c-0 08 on) n-ne 19 
Perischoechinoidea M’ Coy, 1849) 2. 32. eae os ee 63 
Permian aetna eee eee 14, 15, 23, 31-34, 36, 37, 53, 59 
RerretseM Trae oe ices etiam Actos be eee ocean eee 39, 65 
Phacelocrinus) Wark, W940) ions. ep so) sss tee) oo eee 44 
Phaenoschisma? saharae Breimer and Macurda, 1972 ..... . 17 
Phaenoschismatidae Etheridge and Carpenter, 1886 ........ 17 
Phanerocrinus Mov. sp: /Pareyn; LOGI = 2) evens <q tene et eee 43 
IPRANOCTINUSONON. SPY eisai, +) soars yened susan eee 2 
RRANeCTFOCTINUS, (SiC);NOV-SP: ft) na cas ene eee 12 
Phillips Te. 52 casei ccs ws eee a) aces sya csheyses wacgaetenn DO So mOM, 
Pimlicocrinus Wreht 194305 jedi Okeke 14, 19, 28 
AiG Nats NWCOBPN Soo ico booonmgoo OUR cob Ge ooo OSC 28 
PN OCtODrachiatuson. Sp.) joensen eke 13, 14, 28, 29, 30, 70, 88 
IMHAHANI UMN SOS Abeadcosvaneodoatroespsnotic 13, 29, 70, 88 
Pirasocrinacea Moore and Laudon 1943 ................ 56 
plgtorsipbitall Pema ecenn oes odOdes ar oancoondebbo sc 1S 
PitkaneHOrMatonl Areva qetee. ei -hcueievevensuch eee eee OR 12 
platyceratids, J. 9% Aes cuceouskeues heeds eee mene ns acer eve 3, 32) 36 
Platycrinitacea Austin and Austin, 1842 ................ 31 
Platyerinites Jo.S5 Miller 8200. 2 sy. ersten 11, 14, 31, 33, 35-37 
PMaouLd AensisinySpsecs-saeerte hie eee 112593351345 355 705,91 
IASC UNA NW Gas sanooogsdoucnaouds 12, 34, 35, 70, 91 
Pp Ch. P2 djthaniensisim= Sp:i- <eete « e)-icheis =-teene 12, 34, 70, 91 
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12 fegai antlers Als IMMUN Se eae cameras clases see onion oimo o 31 
12. (WH PARFOIN th Beh o55n haono gods: 13, 14, 34, 35, 36, 70, 92 
P. hemisphericus (Meek and Worthen, 1865) ............ 31 
P. nodostriatus (Wachsmuth and Springer, 1897) .......... 31 
IP, jaime (cE Ueto) op ecotc ob bnc op hb oounSoN Uc 31 
EPOCH OTIS (LallylS5o) wiser eine eteieisiis| ene) tense 31 
IP, OALOGRATAING (SOO) ole Soa b seo Se obopo bobo ogg 31 
12, (aa OOS AWE METS) Broun boone on SO OU ee cin 0.0 o-onoID O 31 
(2, GEOR OID INS Gah pS ose ede suasnees 11, 32, 33-35, 71, 91 
12, Seng feiaet (18 EU IIEIStS3)) io oles ci ol lala ed Oo aie ec a o-dinore 31 
P. spinifer (Wachsmuth and Springer, 1897) ............. 31 
P. spinifer elongatus (Wachsmuth and Springer, 1897) ... 31, 33 
(2, Queue Use IMME Ib 35 ke Gado ote bobo OG 31 
ID. (aerate US See IEP oe ano etee on eono aD on ac 38 
12, WAmATONIOIOKIMGS IPAS Gaea ceca Soca ooo anno boc 31 
MDIMGMELADS FIs ob poo Sob Ado OS Sec boom aD oad KW Doo 14 
ANTS ASUS Ds © Groen 5.0:9.5,0 0.5) NE O10 B polo 5 ote 14, 36, 70, 92 
PICU CrIMILES*SP glk 315 Sie ME sey) Hence er ee oe 35, 70, 92 
PETAL CRINILESSDPs Qe oe) sncya ie) = eacurvspdieye ensues as = 12, 35, 62, 70 
PVANATUIGS Sos DS Gilsolo aa Oot SPOS ea ronpoS 135,35, 62,, 70 
PUG NOTIANES Gos! 3.5 4 os Saeidleweeeo aloo 135,35; 62,705,911 
PTELLY GY LILLLESESD yD) aris; is nea Cl eho 13, 36, 62, 70, 91 
peinversmrnal(S) ca sgeeasecgans 5008 IS5 145325335 9550365162 
Platycrinitidae Austin and Austin, 1842 ........... 31, 36, 37 
A EAATO. gn go woo y Comb oe eo aula obs Slog ak obo C 14 
?Platycrinus spinifer elongatus (Wachsmuth and Springer, 1897) 

310 GIES) ins CR RERER CRO ELE UCttC a cORt din Sake eR A Oat SoA G6 Bache 33 
Platyplateium Moore and Jeffords, 1968 ..........-...... 31 
PUG OOH AS IR SEY See eat oo ae boob ede od S237 
Pleurocrinus Austin and Austin, 1843 ............ 14, 36, 37 
12, (URES TAS SY A, sho chor elpamna eis attacker clones 14, 38, 70, 95 
IP. Aaron Ss ca ciao wo wok odes opad 137, 385 7s O2 
IP: RATS Nira, NOS 6 5 on oa aad au BS aoc es OC on0 36 
IP. ninaeneiny Winans IO 5 oo Soakeneoaeees sche a0o0 38 
BR Me rakes Seton tetera rants eure) cero) sorry ore melsv, os icties |e exert eiie 6 Re 44, 67 
Plummeranteris Moore and Jeffords, 1968 ......... 14. 62, 63 
Pasansaba Moorerand Jeffords lOG68ie 2-15 ene ele 63 
PIE rajiterisa Sp, -s-)-yskel ete sauce ee ahaa 13, 62, 72, 108 
IO EtaE Neh CARAS cher oo'c.o G aie a) fidio ca heees een ieee eee one n 58, 69 
[HOTLINE ZAG a a: 68S Buty O Chee Ono © RIO cho Goreme crooner TM 
PSO CEANIS) 5 ood ood o soos escn oe Mabie E snlb 40, 42, 56 
POtETOGUINIA(S)) a ieress eters se ces cen es ceeeleos ters sere Gis 41, 42 
Potenocnninatackel sl OMSmerenapeien-e-deien chee) reer eeer 17, 40-42 
Poteriocrinitacea Austin and Austin, 1842 ............... 41 
Poleriocrinies NuleR N82 ese oe ee eee eer 42 
Poteriocrinitidae Austin and Austin, 1842 .......... 17, 40-42 
POOBMMEWES J ooopnarasccococooLvonboDLooe donor 45 
PRPC ERIC CENOL Bea ogoue don Ooc Dc om aoa old ocd 16 
PscudobasalinvapinavOnw cy wey eie eyelet rw -Weie cele eh miele 16 
VLCMCES mrmenem iene tame ien ines ccticifast wrens Cy auich = cencnste ues cosas iene 39 
TAG AlitaGetawiGthiwens yj.) cu eneueacr oie tewe user key ch ecekenteek enol) etote ie 17 
RehatelS GO ID SOs gow soon yO cela bao Gad Gate cic 47, 53 
RUADAGGIIUS AVVO DE LO 4A a shore as seein ol oie. sli e)se) el supe) alo vsielte 42 
Re SCOLOCArDOnariUas WiIPht, OS Jager eich ciete tees) eel ae 42 
Rhenocwnaccans ae ke) MLO Ss pea men sweeten ead aiialle:)<\cu.-W- <tcuscr)-)ec = 42 
RhodocnnitaccagROemengs soe west) dolore) aieloieeiy oie «ie 18 
RUMANIA sey Will e IEYNW S S aa coda Boao amos 11, 14, 18 
R. kirbyi (Wachsmuth and Springer, 1889) .............. 18 
REOAOGIIMUESISDEn a ater cae casemate ces. ee Mahe GR Als FAs 
REO COCIRLEOS cr co) siesete a) rev eye a) ey mule es ata a thy suis aves ove ehet es 32 
Rhodocrinitidae Roemer 1855). - see eerie ee ee 18 
IRDONICIN Ont were metre mentees aetey oniectamanete) a otalist site le 18, 59, 67 
INCESE 6G ood A atro dO6 opolom Oak 6 Grane 11, 13-15, 31, 44, 58 


Si 

Sagenocrinid indeterminate | ............... 13, 61, 72, 107 
Sagenocninid indeterminate!2) = 32.0... es « «ee a el 10, 61, 73 
SERGIO Shoouoot dp oncoocOoo decor onoonobOO- 11 
Sapenocninidamsprn perms meee teteivne tennant ohstn rel emel= 59 
SagenocnmmitaceavRoemer USA ereteieiene cheisliel« = uevenenonenelte 59 
SEInkMEnh Ghinogn bo oda mano mesao donb a cddoauodgae c6 45 
Sampsonocrinus Miller and Gurley, 1895 ....... 14, 26, 27, 30 
SS QAAEMKeAOo IG Sth oaenordsosueaocs 14, 26, 27, 70, 84, 87 
SERGE Ib coadnaGchocconbocoNnobet bp oan odagobects 17, 67 
Schistocrinus Moore and Plummer, 1940 ............... 56 
SANUS IS aoogoanasdoocoonccgouonodcoalotas 39, 65 
Soot (CUS onbacena soa drorn anos oboe tos oO 31, 67 
Scotlandiy (tia wicc sci een noire rami 10, 11, 15, 31, 44 
Scytalocrinacea Moore and Laudon, 1943 ............. 42, 43 
SCY (AlOCHINACIGS Hsia. aes cohen) ee eee an Reece Reales 15 
Seb riNClO)oo5s00nc6c5a50nbeDc aon 13, 15, 44, 45, 58 
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PREFACE 


It has been with great pleasure that we have acted as editors for this volume in honor of our dear friend and 
teacher, Gilbert Klapper, or as we all know him, **Gil.”’ We thank all of those who so kindly and eagerly contributed 
their time and efforts to this publication. Although it has been a long time in coming, this volume emphasizes 
the high esteem in which we hold Gil. A few of us may dimly remember the overweight, clean-shaven, Lucky- 
Strike toting, meat-eating, bourbon-quaffing, irascible version of Gil in the early to mid-1960s. What a contrast 
to the ecologically sensitive, health conscious vegetarian and soft-spoken modern version we've all grown to love 
and appreciate. Although this metamorphosis may have seemed gradualistic to those who worked day-to-day with 
Gil, to those of us who encountered Gil less frequently, these changes were perfect examples of punctuated 
equilibria. We often wonder how different will Gil be/look the next time we visit with him? There are always 
new passions, new ideas, and new interests, all enthusiastically shared with gusto. Even so, all of us who know 
him recognize the many wonderful qualities that Gil has always had. All can agree that his brilliance has been 
constant. The cognitive pea soups we normally grope with through daily efforts, although challenging to most of 
us, seem no match for Gil. He inherently knows the recipe to solve the problem. One usually leaves a conversation 
with Gil renewed, full of curiosity, and with a feeling of direction and purpose. His unselfishness in sharing ideas 
and data is another of his many endearing qualities. As a mentor he is peerless. He is always available to review 
methods and approaches; he is always giving of his time whether over the microscope or imparting passionately 
what he already knows or has gleaned; he is always looking for that spark in the student he can nurture and bring 
forward—all the time building on the student’s strengths to reach new levels of paleontological understanding. 
Gil set a higher standard in both his personal and professional life for his students to emulate. Most of us feel 
there was little we could do to match his excellence, but knew that if we could approach his passion and level 
of knowledge, we would consider our efforts successful. 

So we dedicate this volume to Gil. It is a rather small offering for what he has given and continues to give us, 
but it is truly heartfelt and genuine. 


James E. Barrick 
H. Richard Lane 
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REGARDING GILBERT 


JOHN A. TALENT 


Macquarie University Centre for Ecostratigraphy and Palaeobiology 
Department of Earth and Planetary Sciences 
Macquarie University, NSW 2109, AUSTRALIA 


Like most paleontologists, Gilbert Klapper started 
along traditional paths of biostratigraphy and taxono- 
my, but it was not long before he was walking his own 
road, much of it unpaved. Though he looked back to 
where we have been and produced exemplary studies 
in taxonomy and biostratigraphy, it was not long be- 
fore multielement taxonomy and, later, graphic corre- 
lation and shape analysis, loomed on the horizon. In 
these areas he became a practitioner without peer, with 
high originality. His performance has been astounding, 
but there is much more to him than scientific research. 

Gilbert’s wide-ranging curiosity is one of his more 
astonishing characteristics, but from the beginning of 
his university education, and doubtless before that, he 
had an ingrained dislike of formal lecturing, grading 
and examinations. During his B. S. (completed in 
1956) at Stanford University, his concentration on his 
coursework wandered. He preferred golf to laborato- 
ries and lecture theatres. He would dearly loved to 
have become a disk jockey, wowing listeners with his 
already encyclopedic knowledge of jazz, its great per- 
formers and memorable performances. His love for 
jazz never waned, nor did his passion for classical mu- 
sic, including piano recitals and opera, but he never 
developed a taste for the loud, aggressive music, turbo- 
folk, electro-pop or the incoherent nihilism that came 
later. Gilbert moved to the University of Kansas 
(Lawrence) for his M. S. (completed in 1958), worked 
for 18 months for Shell Oil Company in Baton Rouge, 
then went to the State University of lowa (now the 
University of Iowa) for his Ph. D. (awarded in August 
1962). 

During his Ph. D. candidature, Gilbert became in- 
terested in the Upper Devonian Grassy Creek cono- 
dont fauna monographed by E. B. Branson and M. G. 
Mehl in 1934. Feeling something was wrong with the 
fauna, he marshalled the courage to travel to the Uni- 
versity of Missouri to visit the venerable Maurice 
Mehl. Having arrived unannounced, Gilbert was sur- 
prised by the warm reception accorded him. When Gil- 
bert expressed interest in the conodont fauna from the 
Grassy Creek shale, the genial Maurice Mehl took the 


Excellence is not an act, but a habit. 
— Aristotle 


wind from Gilbert’s sails with the frank statement: 
*“My boy, there is no Grassy Creek shale!”’ It had been 
based on a stratigraphic misinterpretation. 

After his Ph. D., Gilbert learned much from a one- 
year NSF post-doctoral fellowship at the Illinois Sur- 
vey and at the Geologisches Landesamt Nordrhein- 
Westfalen in Krefeld. This was followed by five years 
at the Pan American Petroleum (subsequently Amoco) 
Research Center in Tulsa and, finally, 30 years at the 
University of lowa (1968-1998). 

Brian Glenister, a colleague of Gilbert for more than 
30 years at the University of Iowa, recalls that when 
Glenister was offered a chair at lowa in 1967, he made 
acceptance conditional on creation of an additional 
teaching position in paleontology. Brian had special- 
ized in conodonts for several years and, wishing to 
develop conodontology at Iowa, could see there were 
two logical candidates for the position: Gilbert and the 
late Willi Ziegler. Both were present at the inaugural 
meeting of the Pander Society in Iowa City that year, 
Gilbert staying at an lowa City motel, Willi with Ann 
and Brian Glenister. After dinner one night at the 
Glenisters’ and before retiring, Brian ordained that 
Willi and Gilbert should decide which one would take 
the position, and left them to it. The decision was 
made, but so far into the night that Gilbert, locked out 
of his motel, had to sleep on the Glenister couch. The 
decision that Gilbert should take the Iowa position and 
Willi develop his career back in Germany had impor- 
tant consequences for conodontology in particular, and 
for paleontology in general. Willi became, ultimately, 
director of the Senckenberg Museum, a highly effec- 
tive member (and often chairman) of numerous Ger- 
man national and international scientific committees, 
and steadfast defender of paleontology. Both he and 
Gilbert were to become noteworthy for their prodi- 
gious output of pivotal and innovative publications on 
conodonts. It is hard to imagine them having had 
equivalent impact had Willi taken the Iowa position 
and Gilbert remained with Amoco. 

At Iowa, Gilbert supervised 17 graduate students for 
Ph. D., and eight for M. S. degrees. He was Visiting 
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Professor at Oregon State University, Corvallis, in 
1978, Visiting Professor at the University of Chicago 
in 1989, and from 1981 to 1989 was a consultant to 
Amoco in Tulsa and Houston, and to Amoco Canada. 
He has given numerous invited lectures, foremost 
among them being the James Hudnall Distinguished 
Lecturer at the University of Chicago in 1989. In April 
1995, he was awarded the Pander Society Medal for 
his seminal contributions to studies of the Conodonta. 

Gilbert focused initially on conodont taxonomy and 
biostratigraphy, but subsequently rose to the top with 
big ones: multielement taxonomy, shape analysis, and 
graphic correlation. He wasn’t the first to toy with 
these ideas, but it was his insight and the sustained 
and elegant way in which he elaborated on these ini- 
tiatives that changed the world of conodontology to 
completely new directions—directions which took 
most of us a decade or more to take on board with all 
their implications. Many, among them the late Willi 
Ziegler, were slow to accept the power of shape anal- 
ysis and graphic correlation, preferring eyeballing—in 
Willi’s case, as in Gilbert’s, with an unusually percep- 
tive eye. But Gilbert wanted to make taxonomy less 
subjective. 

Gilbert became impressed by graphic correlation, 
pioneered by Alan Shaw, and in the late 1980s and 
1990s gave this technique new dimensions. Fascina- 
tion with shape analysis developed about the same 
time. Again his fervor and his unremitting concentra- 
tion brought about a revolution in thinking, but, be- 
cause of the drudgery involved, the techniques have 
been slow to gain wide acceptance. 

Though he contributed elegant conodont studies on 
all intervals of time from Silurian to Carboniferous, 
with a modicum of Ordovician, he eventually focused 
on the Frasnian with characteristic energy, setting 
about improving its zonation. His work, particularly 
on the Montagne Noire (southern France), Canning 
Basin (NW Australia) and western Canada sections, 
aligned by graphic correlation, resulted in a scheme of 
13 intervals (MN 1-13), the rubric MN being for the 
Montagne Noire sequences pivotal in his analysis. He 
insisted (and continues to insist) that graphic correla- 
tion is more precise than the zonal schemes, each 
named for salient taxa, elaborated over the previous 
30 years, primarily by the late Willi Ziegler, Charles 
Sandberg, and himself. 

If we leave aside the five volumes of the Catalogue 
of Conodonts—a tremendously daunting project to 
which he contributed a vast amount of material—and 
the Treatise on Invertebrate Paleontology, Part W- 
Miscellanea, Supplement 2 (Conodonta), tor which he 
contributed the material for all genera with Silurian or 


Devonian type species, there are still a surprising num- 


ber of benchmark papers authored or co-authored by 
Gilbert. A glance at the accompanying bibliography is 
enough to confirm this. 

A few small vignettes will exemplify Gilbert’s char- 
acter. For many years he lived at 804 Ronald St., Iowa 
City, a house teeming with books except for a Spartan 
lounge room: a cavernous studio dedicated to stereo 
equipment and an immense collection of vinyl rec- 
ords—his beloved ‘“‘pizzas,”” as he calls them. He pre- 
fers “pizzas,” insisting that CDs have not equalled the 
quality of the best LPs. Ronald Street had been the 
abode of two remarkable writers: Bharati Mukherjee 
and John Irving, both prominent in the creative writing 
program for which the University of Iowa has long 
been renowned. In fact, the garage of 804 Ronald St. 
was the site of an infamous, fortunately imaginary, 
event in Irving’s The World According to Garp. 

Gilbert is renowned for his writing style, especially 
for his precision, attention to detail, and absence of 
superfluous wordage. He has always read widely and 
critically: poetry, biography, essays, novels, and his- 
tory. During his boyhood and youth, Gilbert benefited 
from a home with an intellectual atmosphere, a prime 
focus of which on Saturday was the Metropolitan Op- 
era radio broadcast. From this Gilbert developed a pas- 
sion for reading books, a passion which persists. Gil- 
bert could have been a novelist, a travel writer or a 
poet, but insists, mistakenly, that he lacks the neces- 
sary talent. Favorite haunts of Gilbert are the Prairie 
Lights bookshop in Iowa City and Powell’s in Chica- 
go, where he can spend hours in quest of new and 
exciting authors. Great novelists and poets have been 
prominent among his heroes. There has been a suc- 
cession of them: Paul Auster, Peter Carey, and Mark 
Helprin among them. 

For Gilbert, attendance at a serious theater perfor- 
mance, reading of an excellent novel, or witnessing a 
brilliant production of one of the great operas, is al- 
ways a moving experience. He has an uncommon abil- 
ity to completely immerse himself in the lives of the 
participants. 

Ever since he was a member of the Denver High 
School golf team, golf clubs have been semi-sacred 
items for Gilbert. In addition to various golf courses 
around Laurentia, he has performed at Machrihanish 
and Machrie in Scotland, and at Tura Beach, Malla- 
coota and Narooma in Australia—the last requiring 
that a ball be driven from cliff-top to cliff-top over a 
ravine with an arm of the Pacific Ocean below. He 
carried a golf club around northern Pakistan and Xin- 
jiang in 1999, driving golf balls from high passes— 
the Lowarai, Shandur and Khunjerab passes—and 
across the ferocious Yarkhun River near the Pakistan- 
Afghanistan border. Wherever he goes, a golf club, if 
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it can possibly be fitted in, is an essential item in his 
paraphernalia. 

Gilbert’s pursuit of excellence extends to every- 
thing. He is renowned for his superb illustrations of 
conodonts; he is a meticulous cook. He has been 
known to do a 400-mile round-trip to Chicago and 
back to purchase better quality garlic and olive oil than 
can be found in Iowa City, and for some time he was 
importing coffee from the island of Atiu in the Cook 
Islands, because of the difficulty in obtaining highest 
quality coffee, even by mail-order, from North Amer- 
ican sources. Only highest quality arabica coffee is 
acceptable; robusta coffee is not allowed to pollute his 
coffee pots. 

Despite hillsides infested with the prickly Mediter- 
ranean vegetation, Gilbert immensely enjoyed collab- 
oration with Raimund Feist in sampling sequences in 
the Montagne Noire, and working with Phillip Play- 
ford’s group in the Canning Basin. During his several 
visits to Australia, Gilbert was quick to adopt elements 
of the Australian lifestyle, such as the Akubra hat and 
the “G-dae!”’ greeting, and swiftly added a sheaf of 
pivotal Australian items to his arsenal of dates, say- 
ings, and knowledge of Australian icons, outgunning 
mentor-colleague and expatriate Australian, Brian 
Glenister, with his knowledge on such matters. He has 
a fondness for Australian films; he includes Breaker 
Morant and Cosi among his favorite movies of all 
time. Though he enjoyed camping under the stars in 
the Canning Basin and relished its conodonts, he failed 
to be amused by its insects, especially the billions of 
flies with their penchant for suicide by incorporation 
into his sandwiches—and he a vegetarian. I recall his 
words, articulated with deep feeling, after his first field 
season in the Canning: “You didn’t tell me about the 
flies!” 

Gilbert has always had a passion for motorbikes, 
especially Harley-Davidsons, but there is no way he 
would take off around Laurentia, or around the globe, 
on a Harley. Though never a motorbike rider, he would 
surely relish the exhilaration of wind through his hair, 
somewhere, anywhere; but to grow old disgracefully, 
with black leather jacket and eagle on the back? Nev- 
er! 

As a man, Gilbert is especially private, unassuming 
and without hubris; he has made an art of listening. 
This tends to give his charm a hint of reserve, even a 
modicum of inscrutability. He has a special skill in 
judging character and motive, and a generally subtle, 
almost telepathic way of responding, in argument, in 
ways that take account of the weaknesses or vanity of 
those with whom he is exchanging opinions. His crit- 
ical acumen and self-discipline are noteworthy. He de- 
spises stupidity and misuse of power. He could never 


abide the hauteur, the arrogance and the sarcasm of 
those occasional academics who should have been 
compassionate gurus. 

Gilbert is someone who operates out of his own, 
intensely personal ethical code, one characterized by 
great compassion. Having known many colleagues, in- 
cluding Tamara Mashkova, who have died, or may 
well have died, from using bromoform and tetrabrom- 
oethane (without adequate fume-cupboards) for sepa- 
rating conodonts from other acid-insoluble materials, 
Gilbert has been a passionate campaigner against use 
of these highly toxic and insidious heavy liquids. 

For Gilbert, science has always been above politics. 
Witness his generosity to colleagues from all parts of 
the globe, and the way he will devote hours to scru- 
tinizing plates of photos of conodonts. I have seen him 
do this on railway platforms, in restaurants, in trains 
and buses, responding patiently, often to the same 
question asked repeatedly. He has a wonderfully re- 
tentive, even photographic, memory. He seems able to 
remember every figure on every plate he has ever 
seen, and even the position on the plate. 

I know of no one who is more profoundly moved 
by the countless acts of infamy and the inhumanity 
that infest our globe. I recall how deeply moved he 
was by an exhibition of photographs—the innocence 
of tea workers in Rwanda just prior to the holocaust; 
the ship-breakers of the Chittagong shoreline in Bang- 
ladesh; the cocoa people of Brazil; the Kafkaesque tex- 
tile factories of Kazakhstan; and oil-covered techni- 
cians extinguishing tornados of flame in Kuwait—by 
Sebastiao Selgado, arguably the greatest photographer 
of our time, at the Art Gallery of New South Wales in 
1995. In short, he has always had a soft spot for the 
destitute, for the countless thousands who lead haunted 
lives, for those confronted by frontiers for everything 
except dreams, for those who adapt, resist, and sur- 
vive. 

Gilbert can never be accused of narcissism, nor has 
he been one who needs the approval of his peers, yet, 
if we had to select the most pivotal 20 or 30 papers 
in conodontology, several of them would have Gilbert 
as an author. For him, the pursuit of perfection—the 
right word to convey the exact meaning, with the pre- 
cise spin—has been a lifelong passion. Every task is 
undertaken with vigor, with minimal noise! He has no 
time for the sloppy, the devious, the bald assertion, the 
imprecise observation, or the uninformative illustra- 
tion. He is a great admirer of those who can frame 
new questions, devise ways of answering them, and 
set about doing so. 

He fervently admires excellence and innovation, 
whether it be the coruscating prose of the late Stephen 
Jay Gould, the “Chicago School” of paleontology, su- 
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perstar athletes such as Muhammad Ali or basketball’s 
Michael Jordan, whole galaxies of golfers, including 
Tiger Woods, and great jazz artists—Louis Armstrong 
(1 can imagine Gilbert as a jazz trumpeter!), Duke El- 
lington, Thelonius Monk, John Coltrane, and Miles 
Davis, and, for a while, the new wave of Cubans, José 
Ferrer and the Buena Vista Social Club, to name a 
few—and great classical pianists—Vladimir Horowitz, 
Earl Wild, Jorge Bolet, Mitsuko Uchida, Sviatoslav 
Richter, Glen Gould and dozens more—violinists, cel- 
lists, clarinetists, and that rara avis, the admirable and 


heroic Jess Johnson, with whom he co-authored 14 
papers. 

Gilbert’s office at the University of lowa was no- 
torious for its piles of papers and reprints—so enor- 
mous as to frequently cause him to work in the nearby 
A. K. Miller room. Visitors were discouraged from 
looking into his room or photographing what seemed 
to be a monumental clutter but, on request for a spe- 
cific item, Gilbert would drive adits through the cu- 
mulates with uncanny accuracy to extract the desired 


items. 


Gilbert taught many courses at the University of 


Iowa, during his later years team-teaching highly pop- 
ular courses on paleontology and evolution with Ann 
(“*Nancy’’) Budd. Nancy recalls that when they were 
team-teaching, “his favorite topics were the Cambrian 
explosion, the Burgess Shale, Problematica, and Lag- 
erstaétten. He particularly loved to discuss Stephen J. 
Gould’s Wonderful Life with students, early experi- 
mentation, and the fact that evolution is unpredictable 
and that the ‘tape cannot be rewound.’ He backed up 
his teaching with numerous photos and reconstructions 
of the Burgess animals, and spent lots of time going 
over their peculiar anatomy and why it was difficult 
to assign these animals to higher categories.”” Gilbert, 
she says, “was a superb lecturer in introductory clas- 
ses and very popular with students, punctuating his 
presentations with lots of stories and lots of puzzles. 
He also liked to discuss mass extinctions and the enig- 
ma involved in determining their cause, particularly 
the K/T boundary and the impact hypothesis. And 
then, of course, he enjoyed reviewing the evidence pro 
and con on punctuated equilibria. Gilbert despised 
grading and exams; he was at his best discussing orig- 
inal research papers in small group discussions, espe- 
cially with honors students.” For Gilbert, conversation 
is an art in which he orchestrates his silences with care. 

For many years, Gilbert was the department’s dili- 
gent member of the university’s library committee; it 
was the perfect committee role for someone with such 
a passion for books and intellect. In late 1991, in one 


ee 


of those “demolition derbies” that seem increasingly 
to plague universities around the globe, Gilbert was 
prominent in a successful defense of the Geology De- 
partment’s library from those wanting to subsume it 
into storage in the Main Library—to make way for 
more trendy initiatives. 

Gilbert once participated in a marine ecology/paleo- 
ecology venture in Florida, but exposure to the Heron 
Island reef (southern Great Barrier Reef) and to the 
superb Late Cenozoic raised reefs of the Cook Islands 
in 1993 provided new perspectives, not only of reefs, 
but of their guileless inhabitants, coffee growing, and, 
at Oravaru Beach on Atiu, there was the opportunity 
to stand on the historic spot where James Cook in 
1777, unaware of the magic underfoot, landed on an 
ancient reef superbly exhumed by intertidal activity. 

How many of our colleagues, as they approach re- 
tirement, fade away with increasingly tired lectures? 
Some even retire into departments soon after receiving 
tenure! Not Gilbert! Through 1996 and 1997, almost 
until the day of his retirement, he was industriously 
revamping lectures. He found retirement in May 1998 
to be especially agreeable. Inevitably, golf has figured 
prominently in this phase. His post-retirement peregri- 
nations included what was an especially congenial in- 
terlude, in September 2000, with old friends in Bel- 
gium and northern Italy, including Cristina Perri and 
Claudia Spalletta in Bologna, and Alessandro Moretti 
in Padova. But he had now met Rose and had found 
felicity in her company. In his new domain, in Glencoe 
in the northern part of the Chicago agglomeration, he 
has a convenient linkage to Northwestern University. 
May he and Rose have many future pilgrimages to golf 
courses, trattoria and coffeehouses around the world! 

The Gilbert Klappers are not only innovators, tread- 
ing unexplored pathways, but, because of their insis- 
tence on standards, have kept the twin flags of pale- 
ontology and biostratigraphy flying vigorously. What 
score should we award Gilbert for his achievement? 
Ten out-of-10? The purists, who never award full 
marks, may quibble: ““You’ve got no standards!’ But 
let it be said, honestly: Gilbert’s performance definitely 
warrants a 10-out-of-10, or even | 1-out-of-10 as one 
colleague insists. 

Gilbert’s performance merits a standing ovation! 
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ABSTRACT 


A clear distinction may be drawn between the perpendicular architecture of the feeding apparatus of ozarkodinid, prioniodontid 


and prioniodinid conodonts, in which the P elements are situated at a high angle to the M and S elements, and the parallel 
architecture of panderodontid and other coniform apparatuses, where two suites of coniform elements lie parallel to each other 
and oppose across the midline. The quest for homologies between the two architectures has been fraught with difficulty, at least 
in part because of the paucity of natural assemblages of coniform taxa. A diagenetically fused apparatus of Cordylodus lindstromi 
elements is here described which is made up of one rounded and two compressed element morphotypes. One of the compressed 
elements is bowed and asymmetrical and the other is unbowed and more symmetrical. These compressed elements are considered 
to be homologous with those of panderodontid apparatuses and would have lain at the caudal end of the parallel arrays, with the 
more symmetrical morphotypes located rostrally to the asymmetrical ones. The bowed and unbowed compressed elements of 
Cordylodus thus correspond, respectively, to the pt and pf positions of panderodontid apparatuses. In addition, the presence of 
symmetry transition within the rounded elements of Cordylodus, but not the compressed morphotypes, enables correlation of 
these with the S and M element locations of ozarkodinid apparatuses. By extension, the compressed elements must be homologues 
of the P elements. Specifically, the asymmetrical pt morphotype is homologous with the P, of ozarkodinids and the more 
symmetrical and rostral pf morphotype is homologous with the P, position. However, because of uncertainties over the nature of 
topological transformation of the rostral element array (the “rounded” or “‘costate”’ suites), it is not possible to recognize specific 
homologies between these elements and the M and S elements of ozarkodinids. Morphologic differentiation of P from M and S 


element suites thus preceded the topological transformation from parallel to perpendicular apparatus architectures. 


INTRODUCTION 


The discovery of conodont soft tissue remains has 
revolutionized the scientific perception of this long- 
enigmatic and extinct animal group. Conodonts are 
now almost universally recognized as chordates and, 
furthermore, the available evidence indicates that they 
are the most primitive vertebrates to possess a miner- 
alized skeleton (Donoghue ef al., 2000). Thus, the phy- 
logeny of conodonts is no longer a subject of interest 


only to a specialist group of paleontologists but ex- 
tends beyond, to the evolutionary and developmental 
biology of vertebrates. Unfortunately, conodont phy- 
logeny is rather poorly understood in a detailed 
sense—and it is only through the resolution of cono- 
dont relationships that we can begin to elucidate the 
early stages of evolution in vertebrate skeletons. The 
key to recovering relationships is the identification of 
homology between the apparatuses of different taxa. 
In the absence of soft tissues, the crucial first step is 
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to seek homology in the apparatus composition and 
architecture of individual taxa. Although some success 
has been achieved in assessing homologies between 
taxa with complex apparatuses (Purnell ef al., 2000 
and references therein), it is far less certain how the 
apparatus composition and architecture of primitive 
coniform conodonts relates to that of the more derived 
prioniodontids, ozarkodinids and prioniodinids. As an 
aside, it should be noted that preliminary cladistic 
analysis (Sweet and Donoghue, 2001) indicates that 
these taxa cannot be sustained at equal, ordinal, rank— 
the Prioniodontida is paraphyletic with respect to 
Ozarkodinida + Prioniodinida. Nevertheless, these 
terms encapsulate useful grades of apparatus organi- 
sation and, in the interim, their use is informally main- 
tained in this paper. 

Although the multielement revolution in conodont 
studies began with the seminal works of Huckreide 
(1958), Walliser (1964), Webers (1966), and Bergs- 
trom and Sweet (1966), multielement taxonomy was, 
and to some extent remains, slow to be taken up by 
workers on post-Early Paleozoic faunas. Gilbert Klap- 
per, initially in collaboration with Graeme Philip 
(Klapper and Philip, 1971, 1972), was a pioneer in 
extending multielement taxonomy to the younger por- 
tions of the conodont record. Together with a concept 
of homology within the apparatus, Klapper was among 
the first to impress upon his peers the importance of 
this advance not only for systematic studies, but also 
for biostratigraphy. Although we remain far from a 
Utopian ideal in which all conodont taxa are known 
in a multielement sense, the early work of Klapper and 
others has served as a solid foundation from which 
later workers have been able to begin elucidating co- 
nodont diversity and disparity. For instance, conodont 
workers are now in a position to conclude, with a de- 
gree of certainty, that all ozarkodinids shared a com- 
mon apparatus plan and architecture (Text-fig. 1.1; Ni- 
coll and Rexroad, 1987; Purnell and Donoghue, 1998). 
It is also possible that this plan may be much more 
widely applicable among other conodont groups (Pur- 
nell and Donoghue, 1998; Purnell et al., 2000). How- 
ever, forays into resolving the apparatus structure of 
coniform conodont taxa have revealed that some pos- 
sessed an apparatus of seventeen elements that were 
arranged within a radically different architecture (Text- 
fig. 1.3; Smith et al., 1987; Sansom et al., 1994), and 
the recognition of homology between the two archi- 
tectural types remains far from resolution (Sansom et 
al., 1994; Purnell and Donoghue, 1998; Purnell et al., 
2000). The reasons behind the failure to recognize ho- 
mologies are multifarious, but include the difficulty of 
identifying P homologues in relatively simple coni- 
form morphologies; the problems associated with de- 


termining the total number of individual elements 
within apparatuses in the absence of complete natural 
assemblages; and the fact that most natural assemblag- 
es represent relatively derived members of each group. 
A key step would be to determine the apparatus com- 
position and architecture of less derived taxa that are 
more likely to be representative of the common an- 
cestor of the two groups. The composition of these 
apparatuses is often well understood in terms of the 
number of element morphotypes but, in distinct con- 
trast, the locational homologies of these morphotypes 
are poorly constrained. 

As progress 1s made in comparing the apparatus 
plans and architecture of coniform conodonts with 
those of ozarkodinids and other derived groups, it is 
essential that a clear distinction be made between dif- 
ferent degrees of inference when assessing homology 
within apparatuses. Homologies between conodont ap- 
paratuses can be arrived at through direct or indirect 
approaches, which correspond to more or less precise 
hypotheses of homology. The direct approach requires 
evidence of the relative position of each component 
element of an apparatus. Such evidence is sparse and 
relies upon the fortuitous discovery of articulated re- 
mains of conodont apparatuses on bedding plane sur- 
faces, or cemented together by early diagenetic min- 
erals in the form of a “fused cluster.” The indirect 
approach extrapolates direct evidence of locational ho- 
mologies to the apparatuses of taxa that are known 
only from collections of discrete elements. This may 
be achieved by comparing element morphotypes in 
known apparatus positions to morphotypes in discrete- 
element collections. However, as the phylogenetic dis- 
tance between taxa grows, the likelihood is greater that 
dissimilar morphologies of elements will occupy ho- 
mologous element positions, and extrapolations of lo- 
cational homology then become more tenuous. Nev- 
ertheless, it is possible in such instances to infer ho- 
mology based upon element morphotypes possessed 
mutually by closely related taxa for which there is no 
appropriate architectural template. Thus, although it 
will not be possible to infer locational homologies and 
relationships with better known taxa represented by 
natural assemblages, it remains possible to undertake 
phylogenetic analysis within these groups. Further- 
more, it is possible that through the identification of 
common element morphotypes between taxa, connec- 
tions to taxa whose locational homologies are well 
constrained may be made. It should be noted, however, 
that these are among the weakest hypotheses of ho- 
mology and the most likely to be subject to radical 
reinterpretation upon the discovery of natural assem- 
blages of closely related taxa. 

In the past, hypotheses of locational homology be- 
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Text-figure 1.—1 Apparatus architecture of ozarkodinid conodonts (after Purnell and Donoghue, 1998). 2 Apparatus architecture of balog- 
nathid prioniodontid conodonts (from Aldridge er al., 1995). 3 Apparatus architecture of panderodontid conodonts (from Sansom et al., 1994). 
Reproduced with the permission of the Palaeontological Association. 


tween taxa have been conceptualized in a variety of Sansom ef al., 1994; Purnell and Donoghue, 1998; 
notational schemes (e.g., Klapper and Philip, 1971; Purnell er al., 2000). At the inception of the majority 
Jeppsson, 1971; Sweet and Schénlaub, 1975; Barnes of these schemes, little was known regarding apparatus 


et al., 1979; Sweet, 1981, 1988; Armstrong, 1990; architecture, and the number and variety of notational 
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schemes erected underscores the difficulty in estab- 
lishing homology in the absence of locational data. 
This situation has been remedied in recent years 
through the elucidation of apparatus architecture based 
on data derived from natural assemblages (Aldridge e7 
al., 1987; Smith er al., 1987; Purnell, 1993; Sansom 
et al., 1994; Aldridge et al., 1995; Purnell and Don- 
oghue, 1997, 1998). This has, in turn, enabled the erec- 
tion of an entirely apparatus location based scheme of 
element homology that directly reflects homology in- 
dependently of element morphology (Purnell ef al., 
2000). 

Despite these advances, the number of taxa for 
which locational homologies are known directly re- 
mains small. Furthermore, the implicit assumption that 
the earlier conceptual schemes reflected statements of 
homology has broken down and the explanatory con- 
tent of the associated nomenclature has been lost 
through overzealous use and misapplication (Purnell 
et al., 2000). 

Three approaches have been manifest with respect 
to the use of homology within early euconodont fau- 
nas. Some authors (e.g., Nicoll, 1990, 1994; Nicoll et 
al., 1999; Lofgren, 1997a, b, 1999) have adopted a 
utilitarian approach in which the P, M, S notation of 
Sweet and Sch6nlaub (1975) and Sweet (1981, 1988) 
is used, although in many instances homology may not 
be certain. Others (e.g., Smith, 1990, 1991: Sansom er 
al., 1994) have urged caution and stressed the need to 
be certain of locational homology before using ozar- 
kodinid notation. This latter approach has been allied 
to the creation of alternative notational schemes, of 
which those introduced by Barnes et al. (1979), and 
modified by Armstrong (1990), Ji and Barnes (1994) 
and Sansom et al. (1994) are most applicable to con- 
iform conodonts. A third approach has been to use 
adjectival descriptors for element morphotypes, which 
are often based on form-taxonomic names, without any 
attempt to identify locational homologues between 
genera (e.g., Kennedy, 1980). All of these approaches 
have disadvantages. The utilitarian use of ozarkodinid 
notation may imply homology where none is present 
or the evidence is very weak; the use of alternative 
schemes tends to overlook homology with more de- 
rived conodonts even where the evidence seems strong 
(for example with Sa and M elements) and the third 
approach may fail to recognize homology between 
even closely related taxa. Clearly, it would be ideal to 
establish homology between at least some coniform 
taxa and the better-constrained architecture of ozar- 
kodinid taxa, but this has proved to be an intractable 
problem given the available dataset of natural assem- 
blages. Even where coniform architecture is well un- 
derstood, as is the case with Panderodus (Sansom et 


al., 1994), the element morphologies are highly de- 
rived and comparison with ozarkodinid templates 
(Text-fig. 1) is difficult. Architectural information from 
a primitive taxon, ideally one that is closely related to 
the latest common ancestor of the prioniodontids and 
coniform groups, would offer the best opportunity for 
comparing apparatus architecture and establishing 
more secure homologies. 

In this contribution it is Our aim to re-examine what 
is known regarding the apparatus composition, archi- 
tecture and homologies of the Late Cambrian—Early 
Ordovician genus Cordylodus, based upon discrete-el- 
ement collections and upon what little is known from 
natural assemblages. Cordylodus is a key taxon across 
a range of conodont research—it is an important bio- 
zonal index in the Cambrian-Ordovician boundary in- 
terval; it is one of the earliest conodonts with dentic- 
ulated elements and its youngest representatives co- 
occur with the earliest prioniodontids (sensu Sweet, 
1988). As part of this review we describe and figure 
for the first tme an incomplete fused cluster of the 
apparatus of Cordylodus lindstromi Druce and Jones, 
1971. 
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EVOLVING CONCEPTS OF APPARATUS 
COMPOSITION IN CORDYLODUS 


Cordylodus was one of the first conodonts to be 
described (Pander, 1856), and is one of three, appar- 
ently unrelated, denticulate euconodont genera that oc- 
cur in the Late Cambrian and earliest Ordovician, the 
others being Eodentatus Nicoll and Shergold, 1991, 
and Japetognathus Landing in Fortey et al., 1982 (see 
Nicoll et a/l., 1999 for review). In considering the tax- 
onomy of Cordylodus, Pander (1856) adopted a form- 
element approach but the history of, and degree of 
conflict between, multielement apparatus reconstruc- 
tions of the genus is perhaps more complex than for 
any other conodont genus (Table 1). Early apparatus 
reconstructions invoked a bimembrate apparatus plan 
that included either two “rounded” elements of dif- 
ferent morphology (Bergstrom and Sweet, 1966) or 
one “rounded’’ and one ““compressed” element (Mill- 
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Table 1.—Development of apparatus concepts within Cordylodus Pander, 1856, and correlations of individual morphotypes made by suc- 


cessive authors. 


Rounded suite 


Bergstrom & Sweet 1966 


Compressed suite 


rounded, rounded 


Miller 1980 rounded compressed 
Fortey et al., 1982 rounded, rounded compressed 
Viira et al., 1987 rounded a, rounded b, rounded g compressed 
Bagnoli et al., 1987 [aitelefaytoye foyer q 
Barnes 1988 A ae D3 q 
Nicoll 1990 Sa, sb.S, Sd MPa Pb 
Ne eee 
Ji & Barnes 1994 a, icin aia. ste 
Huselbee 1997 ae, r 1 G2 3 compressed 


er, 1980; Landing er a/., 1980). In both instances, the 
terminology employed referred to the cross-sectional 
profile of the cusp. A second rounded element was 
later recognized in C. angulatus Pander, 1856, sug- 
gesting that at least the younger species of the genus 
had a trimembrate apparatus (Fortey er al., 1982). A 
more complex apparatus was proposed by Bagnoli er 
al. (1987), who recognized the rounded and com- 
pressed categories of earlier authors but also suggested 
that a symmetry transition series could be identified 
within the rounded category. This was composed of 
laterally compressed symmetrical elements, slightly 
asymmetrical forms with a flat inner lateral face and 
markedly asymmetrical types in which the inner lateral 
face bears a low carina and the outer face is broadly 
rounded. Bagnoli ef al. recognized this apparatus 
structure in all but the oldest representatives of the 
genus, in which less morphological differentiation 
seemed to be present. The apparatus reconstruction of 
Bagnoli et al. (1987) was formalized by Barnes 
(1988), who proposed the terms pl, p2 and p3 for the 
variants in the symmetry transition series. However, 
Barnes preferred to express the variation in terms of 
both cusp curvature and posterior process orientation 
and morphology, rather than symmetry as Bagnoli et 
al. had done, and C. lindstromi was not specifically 
divided in this way. 

A trimembrate apparatus was proposed for Cordy- 
lodus proavus Miller, 1959, and C. lindstromi by An- 
dres (1988). This plan was extended by Ji and Barnes 
(1994) who identified the three basic element types— 


a subrounded “‘a” element, a suberect ‘‘c’’ element, 
and a compressed *‘‘e”” element—but also recorded two 
variants for each of their a and e elements, essentially 
creating a quinquemembrate apparatus. The a elements 
were considered to be equivalents of the pl and p2 of 
Barnes (1988), the c to be that of the g, and the e 
elements to be variants of the p3. This differs mark- 
edly from the scheme of Bagnoli et al. (1987) who 
considered the compressed element to be the g, not 
ap. 

The most complex apparatus plan proposed to date 
for Cordylodus is that of Nicoll (1990, 1991, 1992). 
Employing the ramiform-pectiniform notation of 
Sweet and Sch6nlaub (1975), Nicoll suggested that the 
apparatus of Cordylodus was septimembrate, with Pa, 
Pb and Sa-Sd elements, together with an M element 
that was thought to be either adenticulate (C. angula- 
tus, C. caseyi Druce and Jones, 1971, C. proavus) or 
denticulate (C. lindstromi). Miller and Repetski (1993) 
attempted to test the Nicoll model using topotype ma- 
terial together with comparative collections of C. proa- 
vus and other early Cordylodus species. They had only 
partial success; they did not recognize four separate S 
elements sensu Nicoll nor did their material contain an 
adenticulate M element. 

Huselbee (1997) did recognize a series of four 
rounded elements on the basis of their symmetry, sim- 
ilar to the “‘Sa-Sd” suite of Nicoll (1990) but found 
no evidence for makelliform elements and only one 
morphotype of compressed element within her rather 
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Text-figure 2 Fused cluster of Cordylodus lindstromi Druce and Jones, 1971 (USNM 516997) from Ibexian (Early Ordovician) strata of 
the Vinini Formation, Nevada, USA. Specimen recovered from USGS sample 9446-CO and deposited in the National Museum of Natural 
History, Washington DC, USA. 1 Lateral view of the rounded element (Element 3), *200; the cusp of the P, homologue is visible behind the 
rounded element on the right hand side of the figure. 2 Oblique view of cluster showing the two compressed elements behind the rounded 
one S50. 3 Axial view of the cluster 200. The asymmetrical P, homologue (Element 1) is situated at the bottom of the figure, adjacent 


to less bowed P, homologue (Element 2) which in turn abuts the rounded element (Element 3). 4 “‘Anterior” view of the cluster, <230; 


ARCHITECTURE OF CORDYLODUS: SMITH et al. 25 


low-abundance faunas from NW Scotland and Green- 
land. 

The youngest representatives of Cordylodus, C. an- 
gulatus, C. intermedius Furnish, 1938, C. lindstromi, 
and C. prion Lindstr6m, 1955, have their last appear- 
ances in the angulatus Biozone (early Tremadoc). 
Younger species have been assigned to the genus but 
are based on homeomorphic elements that are present 
in taxa not closely related to Cordylodus. These in- 
clude “Cordylodus” horridus Barnes and Poplawski, 
1973, which is based on a denticulated Llanvirn spe- 
cies of Paroistodus (L6fgren, 1995; Albanesi and 
Barnes, 2000), and ““Cordylodus” ramosus Hadding 
which is now considered to be part of the apparatus 
of Spinodus spinatus (Hadding, 1913), a Middle Or- 
dovician genus of uncertain affinity (Dzik, 1976; 
Armstrong, 1997). 

Clearly, there has been litthe concordance over the 
apparatus composition of, and taxonomic concepts for, 
Cordylodus despite intensive work related to selection 
of the Cambrian—Ordovician global boundary strato- 
type and point. Although there is mounting consensus 
from Bagnoli et al. (1987) through Nicoll (1990) to 
Huselbee (1997) for the presence of a suite of rounded 
elements defined by differences in symmetry, there is 
little agreement on the number of compressed elements 
(including makelliform elements) within the apparatus. 
Natural assemblages have the capacity to provide tests 
for these competing apparatus models. 


NATURAL ASSEMBLAGES OF CORDYLODUS 


Only two natural assemblages of Cordylodus have 
been recorded to date, both of which are fused clusters. 
Andres (1988, pl. 13, figs. 1, 2) figured a cluster as- 
signed to C. proavus Miller elements that incorporates 
at least three elements. However, it is not possible to 
interpret the element morphologies present from the 
plate alone and recourse to the original material will 
be necessary for detailed reappraisal. Preliminary 
notes on another cluster of elements referred to Cor- 
dylodus were made by Repetski (1980) and Repetski 
and Szaniawski (1981), but the specimen has never 
before been figured or described in detail. The fused 
cluster includes three complete elements and three el- 
ement fragments assigned to C. lindstromi Druce and 
Jones (Text-figs. 2, 3). It was recovered through acid 
digestion of U.S. Geological Survey sample 9446-CO 
from the Vinini Formation, Elko County, Nevada, 


WESa Aer (SEAssecal OSes SN: IR 53) he asso- 
ciated fauna includes Cordylodus angulatus Pander, 
1856, Cordylodus intermedius Furnish, 1938, lapetog- 
nathus sprakersi (Landing in Landing et al., 1996) and 
Variabiloconus bassleri (Furnish, 1938), indicating an 
angulatus or early manitouensis Biozone age (Skull- 
rockian, early [bexian, earliest Ordovician; Ross et al., 
1997). The protoconodont Phakelodus tenuis (Miller, 
1959) is also present, both as isolated elements and 
clusters, together with the phosphatized embryos of 
bilaterian metazoans. 


DESCRIPTION OF CORDYLODUS LINDSTROMI CLUSTER 


The cluster (Text-fig. 2) comprises three complete 
elements, together with cusp and denticle fragments of 
at least two others—the latter fragments oppose the 
more complete elements with the long axes of the 
cusps and denticles parallel to each other. The com- 
plete elements are fused by their lateral faces and there 
is no evidence of post mortem disruption. Element | 
(Text-fig. 2.3—2.6) has compressed cusp which is pro- 
clined-erect in the preserved portion. Faint carina at 
base of outer face. Outer face broadly convex toward 
posterior margin, but more tightly convex at anterior 
margin. Inner face flat; cusp therefore asymmetrical in 
cross-section and twisted inwards relative to posterior 
process. Element strongly bowed. In lateral aspect, 
basal margin has marked 100° inflection. Three den- 
ticles. First and second denticles are asymmetrically 
triangular in lateral profile with steeper posterior mar- 
gin. Third denticle is more slender and reclined than 
more anterior denticles. First denticle has convex outer 
face and flat inner face. Denticles two and three are 
more symmetrical and biconvex in cross-section. 

Element 2 (Text-fig. 2.3—2.6) is sandwiched between 
the other two elements and, in consequence, the mor- 
phology is partly obscured. Cusp as broad as Element 
1 and strongly compressed; erect to proclined in pre- 
served portion. Outer and inner faces broadly convex 
resulting in more symmetrical cross-section than Ele- 
ment 1; element gently bowed. Basal margin has sim- 
ilar inflection to Element | when viewed in lateral pro- 
file. Three denticles. First denticle is complete, narrow 
and short. Second denticle is more triangular with 
steeper posterior margin than anterior margin. Third 
denticle more reclined than other two. 

Element 3 (Text-figs. 2, 3) is the most complete el- 
ement. Cusp narrower and markedly less compressed 


— 


P, homologue on the right. 5, 6 Oblique axial and oblique. “anterior” views, *200; the P, homologue is the nearest element. 7, 8 Each element 


has a distinct basal body, which remains separate until the basal part of the cluster where they become fused into a single mass; *225, * 200 


It is unclear whether this is a primary feature relating to the apparatus or a consequence of the early diagenesis that produced the cluster 
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Text-figure 3.—Opposed cusp and denticle tips in the fused cluster of Cordylodus lindstromi Druce and Jones, 1971 (USNM 516997). 1 


Lateral view of the rounded element (Element 3 showing the fused cusp and first denticle of the opposing element, *225. 2 Close-up of the 


> 


cusps and denticles showing the precise alignment, *500. The similarity in cusp and denticle cross-sections can be seen in Text-figure 2.3 


than Elements | and 2; slightly bowed to inner. In- 


flection in basal margin beneath posterior margin of 


cusp. Three denticles. First denticle is narrow and tri- 
angular, with posterior margin markedly steeper than 
anterior. Junction of cusp with first denticle lower than 
that between first and second denticles. Second den- 
ticle more broadly triangular in lateral profile than ei- 
ther of other denticles. Denticles symmetrically bicon- 
vex in cross-section. Third denticle more reclined than 
first two. 

All elements have a basal body, which in Element 
3 has a hollow, conical interior surface. Incremental 
growth lines are apparent on the inner surface of the 


basal body (Text-figs. 2.8, 3.1) The basal bodies of 


each element remain distinct for almost their entire 
lengths but are fused into a single mass at the base; it 
is not certain whether this is a primary or diagenetic 
feature. 

An opposed and inverted cusp fragment is attached 
to the cusp of Element 3 and is of similar morphology; 
an inverted denticle, which may belong to the same 
element, is attached to the first denticle of Element 3 
(Text-fig. 3). An additional inverted denticle is at- 
tached to the flank of Element 1, and a third inverted 
denticle is attached between Elements | and 2 at the 
anterior end of the third denticles of these two ele- 
ments. The opposing cusp and denticle fragments are 
parallel to their counterparts. 


Microspheres, of phosphatic composition and prob- 
able bacterial origin, coat many of the element surfaces 
(Text-fig. 3.2) and were presumably involved in the 
early post mortem mineralization that resulted in ele- 
ment fusion. 


COMPARISON WITH MULTIELEMENT 
RECONSTRUCTIONS OF CORDYLODUS 


Elements | and 2 are compressed elements. The 


only apparatus reconstructions of Cordylodus to have 
included two morphotypes of compressed element are 
those of Nicoll (1990) and Ji and Barnes (1994). El- 
ement | resembles the Pa element of Nicoll (1990) in 
that the cusp is twisted inwards relative to the posterior 
process. In turn, Element 2 conforms to the description 
of Nicoll’s Pb element type in being more symmetrical 
in cross-section and in being untwisted relative to the 
posterior margin. As in Nicoll’s material, the cusps of 
the compressed elements are keeled on their anterior 
and posterior margins, and the basal cavity extends 
along the posterior process. Ji and Barnes (1994) also 
documented variations in the compressed elements and 
recognized two types based on differences in cusp cur- 
vature, basal cavity shape and symmetry. In particular, 
one compressed element morphotype was considered 
to be more compressed than the other (Ji and Barnes, 
1994, p. 31) and, on this basis, the less compressed 
morphotype may correlate with the Element 1. It is 
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not, however, possible on the basis of their figures to 
correlate directly with the elements in the cluster. 

Element 3 is a “rounded” element and is probably 
equivalent to Nicoll’s (1990) Sb element. The first den- 
ticle is deflected outwards relative to the cusp and sec- 
ond denticle; the cusp is biconvex in cross-section and 
the anterior margin is rounded in its lower part. It cor- 
responds to one of the two categories of “‘a’’ morpho- 
type recognized by Ji and Barnes (1994). 

The two compressed elements within the half ap- 
paratus of Cordylodus lindstromi are closely compa- 
rable to the pf and pt elements of the compressed suite 
in Panderodus described by Sansom et al. (1994). Fur- 
thermore, the posteriormost pt pair in Panderodus is 
markedly asymmetrical and the elements have twisted 
cusps similar to that of Element 1. 


COMPARATIVE APPARATUS ARCHITECTURE 
OF CORDYLODUS 


The construction of apparatus architecture models 
depends to a large degree on the availability of bed- 
ding plane assemblages and fused clusters, which can 
provide three-dimensional data on element disposition 
once the effects of collapse generated by decay are 
removed (see Briggs and Williams, 1981; Aldridge er 
al., 1987; Purnell and Donoghue, 1999 for reviews of 
the technique). The vast majority of natural assem- 
blages described to date are of prioniodontid, prion- 
iodinid and ozarkodinid taxa, with a relatively very 
small number of coniform taxa represented. Partly be- 
cause of the relative abundance of natural assemblages 
and partly because of the presence of associated soft 
tissues in the Granton Lagerstdtte, ozarkodinids have 
tended to be used as the Bauplan for complex cono- 
donts (Aldridge er al., 1987; Purnell and Donoghue, 
1998). Ozarkodinid apparatuses contain two pairs of P 
elements located at the caudal end of the apparatus, 
with the P, pair rostral to the P, elements (Text-fig. 
1.1). The ramiform S elements are oriented with their 
long caudal (‘posterior’) processes parallel to the 
long axis of the trunk. M elements flank the battery 
of S elements but lie, at rest, in an oblique rostro- 
lateral orientation. The long axes of the S and M el- 
ements lie at a high angle to those of the P elements, 
producing an approximately “‘perpendicular” architec- 
ture. 

Prioniodontid conodonts are less derived than ozar- 
kodinids and a smaller number are represented by nat- 
ural assemblages. Promissum has the best-constrained 
architecture (Text-fig. 1.2), and it has been suggested 
that its architecture could be typical of the Prionio- 
dontida as a whole (Aldridge ef a/., 1995). Four pairs 
of P elements lie in pairs along the midline, but were 
located between, and dorsal to, the sinistral and dextral 


suites of S elements, not caudal to them (Aldridge er 
al., 1995). The M elements occupy a rostro-lateral po- 
sition similar to those in ozarkodinids. However, the 
element morphology of Promissum, whilst potentially 
typical of the Balognathidae, is not typical of the 
Prioniodontida as a whole and the small number of 
available natural assemblages from other prioniodontid 
taxa suggests that a simpler architecture was charac- 
teristic of the group. Clusters and associated isolated 
collections of Oepikodus (Smith, 1991), Paracordy- 
lodus (Stouge and Bagnoli, 1988, pl. 8, figs. 17a, b; 
Tolmacheva and Purnell, 2002) and Phragmodus (Re- 
petski et al., 1998; Barrett, 2000) suggest that the pos- 
session of four pairs of P elements was not general for 
prioniodontids, and that the more common architecture 
for the group may have been more similar to that of 
ozarkodinids than to Promissum. 

The only well-constrained architectural model for a 
coniform taxon is that of Panderodus (Text-fig. 1.3). 
A large number of fused clusters and a bedding plane 
assemblage with associated soft tissue from the Wau- 
kesha Lagerstdtte of Wisconsin, U. S. A., have been 
used to produce a detailed model for the apparatus of 
Panderodus (Smith et al., 1987; Sansom et al., 1994). 
Eight pairs of elements oppose across the midline of 
the apparatus, and Smith ef al. (1987, p. 100) con- 
cluded that they must have been arranged in life as 
parallel and opposed arrays, with either the rostral el- 
ements more closely spaced or with all of the elements 
located on an arched support. This arrangement con- 
trasts markedly with the geometry of S elements in 
prioniodontids, prioniodinids and ozarkodinids, which 
are parallel to the midline. Some morphological dif- 
ferentiation is evident in the elements of Panderodus; 
Sansom er al. (1994) recognized two principal loca- 
tional domains—a rostral costate suite and a caudal 
compressed suite—and all of these elements are par- 
allel to each other, contrasting with the perpendicular 
architecture of the ozarkodinids. A third domain oc- 
cupied by a single symmetrical element lies on the 
midline. It is immediately tempting to consider the 
compressed suite as the homologues of the P locations 
in ozarkodinid apparatuses. However, Panderodus 
lacks a clearly defined “symmetry transition series” 
of morphologically intergrading elements, making un- 
equivocal identification of S homologues difficult. In 
consequence, it remains a possibility that the two pairs 
of compressed elements may be homologues not of P 
elements but of other members of the apparatus. San- 
som et al. (1994) therefore argued for a conservative 
approach until supporting evidence was forthcoming. 
Parenthetically, the concept of symmetry transition has 
been principally used to differentiate suites of elements 
rather than to imply locational homology. Neverthe- 
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Text-figure 4 


Besselodus arcticus Aldridge, 1982, from the Cincinnatian (Late Ordovician) Aleqatsiaq Fjord Formation of Washington 


Land. western North Greenland (MGUH 15071) showing a single cluster that split into two during original preparation. 1, 2 Lateral views of 


sub-cluster “‘a’” (330). 3, 4 Lateral views of sub-cluster ‘*b”” (330). The original plane of fusion between the two sub-clusters lay between 


the lateral faces of the uppermost elements in Text-figures 4.1 and 4 3. The full array comprises six laterally costate, bilaterally symmetrical 


non-geniculate elements and one geniculate element, w hich is located at the end of the array. Reproduced with the permission of the Palaeon- 


tological Association 


less, some authors have used this concept to infer lo- 
cation directly, despite the fact that all available evi- 
dence indicates the contrary—symmetry transition 
cannot be used as a tool in predicting the sequence of 
S elements within the ramiform array (Aldridge et al., 
1987: Purnell and Donoghue, 1998). It is clear, how- 
ever, that morphologically intergrading elements do 
frequently comprise the suite of S elements and, thus, 
this character provides a predictive tool in distinguish- 
ing S from M or P elements from elements in other 
positions (although this tool appears to be inapplicable 
to prioniodinids; Purnell and von Bitter, 1996). 

The availability of a well-constrained architectural 
model for at least one coniform taxon, albeit a rather 


derived form, enables the appraisal of less well-pre- 
served and/or less plentiful cluster material of other 
taxa. A cluster of Besselodus elements (Text-fig. 4) 
figured by Aldridge (1982) is a single half apparatus 
with little morphological differentiation. It includes S1X 
laterally costate, bilaterally symmetrical elements 
fused by their lateral faces and a single geniculate el- 
ement at one end of the array. In the absence of ele- 
ments from the opposing half of the apparatus this 
cluster could be incorporated into either a pandero- 
dontid or an ozarkodinid architectural model and there 
is also no direct control over rostro-caudal polarity in 
the array. However, Sansom er al. (1994) concluded 
that the architecture of Besselodus conformed to the 
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panderodontid model on the basis of correlations be- 
tween elements present in isolated collections and 
would thus be expected to have a parallel architecture. 
Critical evidence for the conformity of a given appa- 
ratus to either the panderodontid or the ramiform-pec- 
tiniform model thus lies in the geometry of the re- 
spective halves of the apparatus. In the panderodontid 
architectural model, elements are arranged along the 
rostral-caudal axis and are opposed cusp tip to cusp 
tip, a geometry referred to as parallel-reversed by 
Landing (1976, p. 1078). 

Although far from complete, the fused cluster of 
Cordylodus lindstromi elements may be used to pro- 
vide some constraints on the apparatus architecture of 
the genus. Firstly, given the presence of a distinct suite 
of morphologically intergrading “‘symmetry  transi- 
tion” elements in the apparatus of Cordylodus, we can 
discriminate a suite of homologues to the S elements 
of ozarkodinids. This leaves a suite of compressed el- 
ements that represent either P or M elements. Given 
that the compressed elements occur paired in the clus- 
ter, it is likely that they represent a pair of P homo- 
logues. The occurrence of P homologues aligned in 
parallel and in juxtaposition to an S homologue indi- 
cates that Cordylodus possessed overall apparatus ge- 
ometry that was more similar to panderodontids than 
to ozarkodinids. Finally, the presence of two com- 
pressed elements adjacent to each other, with the more 
asymmetrical morphotype at the end of the array, is 
consistent with them being locational homologues of 
the compressed domain in the apparatus architecture 
of Panderodus. Therefore, it follows that the com- 
pressed suite in Panderodus is homologous with the P 
positions in ozarkodinids and their kin. More specifi- 
cally, we can identify the asymmetrical compressed 
elements of Panderodus and Cordylodus apparatuses 
as P, homologues (sensu Purnell et al., 2000), and the 
more rostral symmetrical elements are P,; homologues. 

It is tempting to extend from these homologies and 
identify specific S,, and M locational homologues 
among the apparatuses of Cordylodus and Pandero- 
dus. However, because of the architectural differences 
between the “‘parallel”’ apparatuses of Cordylodus and 
Panderodus, and the “‘perpendicular’’ apparatuses of 
prioniodontids and their kin, this is not possible be- 
cause we have no knowledge of the transformational 
relationship between the S and M versus P locations 
in these two fundamentally different architectural 
types. For instance, the element position immediately 
adjacent to the putative P, of Cordylodus and Pander- 
odus could represent either the S,; or S, depending 
upon the direction in which the left and right halves 
of the S array have rotated relative to each other (Text- 
fig. 5). The possibility must also be entertained, how- 
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Text-figure 5.—Alternative patterns of transformation from the 
parallel architecture of Cordylodus, Panderodus and Besselodus, to 
the perpendicular apparatus architecture typical of prioniodontids, 
prioniodinids and ozarkodinids. The differing methods of transform- 
ing the parallel architecture are illustrated in the left and right halves 
of the figure. Given these alternatives, it is not possible to identify 
specific M and S element homologues in parallel and perpendicular 
apparatuses, although it is possible to recognize P,; and P, homo- 
logues and the overall homology of the M and S array of perpen- 
dicular apparatus architecture with the anterior suite of elements 
(“costate” or “‘rounded”’) in parallel architectures. 


ever, that the element position immediately adjacent to 
the P, in parallel apparatuses represents the M loca- 
tion, or even another P location. In addition, Dzik 
(1991) has suggested that the axial (and therefore un- 
paired) S, location of prioniodontids may be homolo- 
gous to paired abaxial S, locations in apparatuses with 
parallel architecture. There is simply insufficient evi- 
dence to reconcile these competing hypotheses. 

One direction in which progress can be made is in 
attempting to resolve the primitive apparatus architec- 
ture of the earliest euconodonts and its relationship to 
locational homologies. To do this, parallel and perpen- 
dicular architectures must be considered with respect 
to one or more phylogenetic trees. In the absence of a 
generally accepted hypothesis of relationships for co- 
nodonts, we have adopted and compared the rival 
schemes of Sweet (1988) and Dzik (1991) and mapped 
onto these trees the architectural characteristics of 
those taxa for which data are available. The differing 
implications for architectural evolution of the cono- 
dont apparatus under these schemes can be seen in 
Text-figure 6. Under the hypothesis of relationships 
proposed by Sweet (1988), it is not possible to resolve 
unequivocally whether parallel or perpendicular archi- 
tectures are representative of the latest common an- 
cestor of the taxa concerned; both hypotheses are 
equally likely. However, under the scheme of relation- 
ships proposed by Dzik (1991), it is possible to resolve 
unequivocally that the latest common ancestor of all 
four taxa possessed a parallel, rather than perpendic- 
ular apparatus architecture. 

The functional implications of architectural trans- 
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Text-figure 6.—Inferences of the relative phylogenetic timing of apparatus architectural transformation in taxa for which data are available, 
based upon the hypotheses of relationships proposed by (1) Sweet (1988) and (2) Dzik (1991). Given that it is not possible to unequivocally 
infer the relative timing of transformation and/or the primitive apparatus architecture of all the conodonts considered, we have presented the 
alternative implications of early (ACCTRAN) and late (DELTRAN) transformation. Whilst it is not possible to reconcile primacy between 
parallel and perpendicular architectures under the scheme proposed by Sweet ( 1988), following Dzik (1991) it is possible to infer unequivocally 


that parallel architecture is primitive with respect to perpendicular architecture. 
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formation of the apparatus, from parallel to perpendic- 
ular, are unclear. However, it is clear that morpholog- 
ical and, by implication, functional differentiation of 
P from M and S elements preceded the transformation 
from parallel to perpendicular architectures. Indeed, 
since morphological differentiation of the apparatus is 
common to all of the taxa considered, it is possible to 
conclude that their latest common ancestor possessed 
an apparatus composed of morphologically distinct el- 
ement suites. 


FUTURE DEVELOPMENTS 


Further resolution of locational homology in prim- 
itive conodonts will require better quality data in the 
form of complete natural assemblages. More specifi- 
cally, these data are required for taxa that can provide 
insight into the transformational pattern/s through 
which apparatus architecture was remodelled from the 
plesiomorphic parallel arrangement to the perpendic- 
ular architecture that is characteristic of all prionio- 
dontids currently known from natural assemblages. 
Nevertheless, the further resolution and refinement of 
locational homologies and architectures among parallel 
apparatus-bearing taxa will help to provide a much 
clearer understanding of plesiomorphic euconodont 
characteristics. 


CONCLUSIONS 


1) Elements | and 2 are “‘compressed”’ elements. El- 
ement 1 has an asymmetrical cusp cross-section 
and is bowed. Element 2 is symmetrical in cross- 
section and only gently bowed. The presence of 


two morphotypes of compressed element in the 
cluster affirms the apparatus reconstructions of Ni- 
coll (1990) and Ji and Barnes (1994), the only ap- 
paratus reconstructions of Cordylodus that have in- 
corporated two morphotypes of compressed ele- 
ments. 

2) The compressed element suite of the Panderodus 
apparatus (sensu Sansom er al., 1994) may, with 
some confidence, be considered as a homologue of 
the compressed elements in Cordylodus. The 
rounded and compressed elements lay parallel to 
each other in the apparatus and, together with the 
closely aligned opposing cusp and denticle tips of 
the rounded elements, this indicates that Cordylo- 
dus lindstromi had a parallel panderodontid archi- 
tecture rather than a perpendicular ozarkodinid 
type. 

3) Consideration of the available natural assemblage 
material allows a hypothesis to be advanced that 
elements in the compressed suite of Cordylodus 
(and Panderodus) may be considered as reasonable 
candidates for locational homologues of ozarkodi- 
nid P, and P, elements. 

4) Although it is possible to differentiate between ho- 
mologues of P and S/M elements, it is not possible 
to identify specific S\-S, and M homologues. 

5) The morphological differentiation of elements into 
P.M and S homologues preceded the topological 
transformation of the apparatus that produced the 
characteristic ramiform-pectiniform apparatus ar- 
chitecture of ozarkodinids, prioniodontids and 
prioniodinids. 
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A CONODONT-BASED STANDARD REFERENCE SECTION IN CENTRAL NEVADA FOR THE LOWER 


Ranges of conodonts in stratigraphic sections at five localities in the Monitor and Antelope ranges of central Nevada are used 
graphically to assemble a standard reference section for the lower Middle Ordovician Whiterockian Series. The base of the series 
is officially 0.3 m above the base of the Antelope Valley Limestone in the stratotype in Whiterock Canyon (Monitor Range). 
The top is the level at which Baltoniodus gerdae makes a brief appearance in an exposure of the Copenhagen Formation on the 
flanks of Hill 8308 in the western Antelope Range. Graphic compilation of the sections considered in this report also indicates 
that a level correlative with the base of the Whiterockian Series in the stratotype section is 66 m above the base of the Antelope 
Valley Limestone in its de facto type section on Martin Ridge in the eastern part of the Monitor Range. Ranges, diversity, and 
the composition of the conodont faunas differ markedly in lithofacies adjacent to the basal boundary of the series; hence we are 
unable to identify a single conodont species, in a credible developmental sequence, to serve as biological marker of that boundary. 


INTRODUCTION 


The Whiterockian Series has been recognized since 
1982 as the lower of the two series that compose the 
North American Middle Ordovician. In the scheme 
proposed by Ross ef al. (1982) the Whiterockian fol- 
lows the Lower Ordovician Ibexian Series and pre- 
cedes the upper Middle Ordovician Mohawkian Series. 
The Upper Ordovician is the Cincinnatian Series. 

Conodonts of the Ibexian Series are well known 
(Ethington and Clark, 1982; Ross et al., 1997), and 
their distribution has been thoroughly documented in 
the Ibex District of western Utah, which includes the 
standard section of that series. In addition, Sweet and 
Tolbert (1997) have described a section near Shingle 
Pass in the southern Egan Range, Nevada, that is not 
only a useful template for the composite Ibexian stan- 
dard but also serves as the Ibexian reference section 
in a network of Ordovician sections compiled graph- 


ically by Sweet (1979; 1984; 1995a, 1995b). In the 
latter two publications, Sweet describes the progres- 
sive development of a composite standard that in- 
cludes rocks assignable to the upper Whiterockian, the 
Mohawkian, and the Cincinnatian Series. That com- 
posite is based on conodont range-data from more than 
80 sections in central and eastern North America. 
Although the identity and ranges of conodonts in 
different parts of the Whiterockian Series are now fair- 
ly well known (e.g., Ethington and Schumacher, 1969; 
Bradshaw, 1969; Harris et al., 1979; Stouge, 1984; 
Bauer, 1987; Ross and Ethington, 1991), no reference 
section that spans the entire series has been established 
in the central Nevada type area. Such a section is es- 
sential to linking the Ibexian and the upper Whiter- 
ockian-Mohawkian-Cincinnatian standards and thus 
completing the graphic framework for the North 
American Ordovician recently summarized by Sweet 
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LOCATION OF CENTRAL NEVADA 
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Topography from U.S. Geological Survey Ninemile Peak 
and Horse Heaven Mountain Provisional 7.5-min. 
quadrangles, 1990 
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116°20' 


Text-figure 1.—Location of central Nevada sections considered in this report. WRC = Whiterock Canyon section, BLM = BLM Fence 


section; MR-I 


= Martin Ridge South section; MR-II = Martin Ridge North section; AR = Hill 8308 section, Antelope Range. Inset outline 


map of Nevada also shows approximate location of the Meiklejohn Peak, Ibex Area, and Shingle Pass sections with which central Nevada 


sections are correlated in this report 


(1995a, 1995b). It is thus the purpose of this report to 
describe graphic assembly of a continuous, conodont- 
based Whiterockian reference standard using infor- 
mation derived from five stratigraphic sections in cen- 
tral Nevada, and to show how this composite section 
might be used to link previously described reference 
sections for the Ibexian, Mohawkian, and Cincinnatian 
Series. 
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THE SECTIONS 


For reasons of structure, access, and facies, we have 
not identified a single section that spans the entire 
Whiterockian Series in its type area. Hence, the ref- 
erence section we describe is a composite, assembled 
primarily from information at five sites in the Monitor 
and Antelope ranges of central Nevada (Text-fig. 1) 
but including important data from the Meiklejohn Peak 
section of southern Nevada abstracted from reports by 
Ross and Ethington (1992) and Harris et al. (1979). 


WHITEROCK CANYON SECTION (WRC) 


The Whiterock Canyon section, in the Monitor 
Range, is located and described in recent publications 
by Ross and Ethington (1991, 1992), whose reports 
also include diagrams that chart the ranges in the sec- 
tion of conodonts and other fossils. The WRC section 
includes the upper 43 m of the Ibexian Ninemile For- 
mation and the lower 120 m of the superjacent Ante- 
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lope Valley Limestone. A spike, implanted 0.3  m 
above the base of the Antelope Valley Limestone for- 
mally marks the base of the Whiterockian Series. In 
August 1998, Ethington and Sweet (with the assistance 
of R. Ripperdan and J. Cooper) collected additional 
samples from the uppermost Ninemile and the lower 
few meters of the Antelope Valley. We include in this 
report information on the conodonts isolated from 
these samples by Ethington. 


BLM FENCE SECTION (BLM) 


This long section is in the NE% sec. 7, T 15 N, R 
50 E (Horse Heaven and Ninemile Canyon, Nevada, 
7.5-min. quadrangles). The section, is on the east side 
of Martin Ridge, in the Monitor Range, and roughly 
parallels an east-west fence established by the Bureau 
of Land Management. The base of the section is ac- 
cessible by vehicle on a track along the fence that joins 
the county road at the foot of Martin Ridge about one 
mile southeast of the section we here describe as MR- 
I. The BLM section includes 407 m of Antelope Valley 
Limestone succeeded by an unmeasured, unsampled 
and poorly exposed succession of largely clastic rocks 
representing the Copenhagen Formation. The Antelope 
Valley was sampled at 5- to 6-m intervals on July 30, 
1966 by Ethington and Dietmar Schumacher and re- 
visited by the same persons in June 1968. The Copen- 
hagen Formation was not sampled. Conodonts derived 
from the 47 samples processed are identified here for 
the first time. 


MARTIN RIDGE SOUTH SECTION (MR-I) 


This readily accessible section on the east side of 
Martin Ridge, is the de facto type section of the An- 
telope Valley Limestone. It is situated in the center of 
the SW% of section 6, T 15 N, R 50 E (Horse Heaven 
Mountain, Nevada, 1:62,500 quadrangle). On the long 
east-trending ridge up which this section was mea- 
sured, 342 m of the Antelope Valley Limestone are 
exposed. The basal contact of the formation is not ex- 
posed at this locality, but sandy beds poorly exposed 
in a swale beyond the topmost carbonate beds of the 
Antelope Valley suggested to Harris et al. (1979) that 
the section includes the upper contact, with the Co- 
penhagen Formation. Our studies indicate, on the other 
hand, that some 71 m of the upper Antelope Valley 
have probably been cut out along a fault. 

In August 1975, Anita Harris and Reuben J. Ross, 
Jr., measured the MR-I section and collected 49 large 
carbonate samples from it at 5- to 6-m intervals. Some 
of the conodonts Harris recovered from acid residues 
of these samples were illustrated in a 1979 report by 
Harris et al., and they were also made available to 
Sweet (1995b), who used their ranges in a preliminary 


graphic attempt to link his Ibexian and Mohawkian 
composite standards. 


MARTIN RIDGE NORTH SECTION (MR-II) 

The short Martin Ridge North section is 3.2 km 
north of the MR-I section, in the SE% of section 30, 
T 16 N, R 50 E (Horse Heaven Mountain, Nevada, |: 
62,500 quadrangle). In the section at this locality, near 
the north end of Martin Ridge (Monitor Range), the 
uppermost beds of the Antelope Valley Limestone are 
succeeded directly by sandy strata of the Copenhagen 
Formation. The section, which is a littke more than 16 
m thick, was closely sampled in 1975 by Anita G. 
Harris, and a diagrammatic view of it is given in figure 
17 of the 1979 report by Harris er al. Conodonts re- 
covered from this short section represent a very dif- 
ferent fauna from that in the uppermost Antelope Val- 
ley Limestone at the MR-I locality, and this led Harris 
et al. (1979) to speculate that the upper Antelope Val- 
ley in MR-I had either been cut out along an unrec- 
ognized fault, or that “differences in environmental 
conditions during deposition resulted in two distinct 
but coeval conodont biofacies.”’ Our studies indicate 
that the first of these explanations is almost certainly 
the correct one. 


HILL 8308 SECTION (AR) 


The Hill 8308 section, which includes the upper 50 
m of the Antelope Valley Limestone, a complete Co- 
penhagen Formation, and the lowermost beds of the 
Eureka Quartzite, is situated on the flanks of hill 8308 
in the SW% of section 24, T 15 N, R 50 E (Horse 
Heaven Mountain, Nevada, 1:62,500 quadrangle). The 
section was measured and sampled for conodonts in 
1975, 1978, and 1982 by Anita G. Harris, Alice W. 
Spencer, and Reuben J. Ross, Jr., assisted in 1982 by 
J. Webber and R. T. Lierman. A diagrammatic view of 
the section is given in figure 3 of Harris et al. (1979) 
and conodonts recovered from the Copenhagen For- 
mation are the subjects of an excellent, unpublished 
1984 Bachelor’s Thesis by Alice W. Spencer. 


THE CONODONTS 


In compiling a standard reference section for the 
Whiterockian Series we have had available to us in- 
formation on the measured ranges of 134 species-level 
conodont taxa. However, only the 88 species listed in 
Table 1 are known from two or more sections and are 
thus usable in graphic correlation. A majority of the 
88 species listed in Table 1 are well-known taxa that 
have been described and illustrated in recent reports 
and require no emendation or modification. A few, 
however, are of especial importance in correlating 
Whiterockian sections or in characterizing Whiterock- 


Table 1.—Whiterockian Conodont species.* 
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Index No. Index No. 
2 Amorphognathus tvaerensis 72 P. panderi 
3 Ansella jemtlandica 73 Parapanderodus asymmetricus 
4 A. nevadensis 74 P. emarginatus 
5 A. robusta 75 P. striatus 
8 Baltoniodus gerdae 76 Paraprioniodus n. sp. 
9 B. vartabilis 77 P. costatus 
11 Belodina compressa 79 Paroistodus originalis 
12 B. monitorensis 80 P. parallelus 
16 Cahabagnathus friendsvillensis 81 Periodon aculeatus 
17 C. sweeti 82 P. flabellum 
18 Chosonodina rigbyi 83 P. gladysi 
21 Colaptoconus quadraplicatus 84 P. grandis 
22 Cornuodus longibasis 86 Phragmodus flexuosus 
24 Dapsilodus mutatus 87 P. inflexus 
25 D. variabilis 88 P. undatus 
28 Dischidognathus primus 89 Plectodina aculeata 
29 Drepanodus arcuatus 90 P. tenuis 
31 Drepanoistodus angulensis 9] Polyplacognathus ramosus 
32 D. forceps 92 Prattognathus rutriformis 
238} D. suberectus 94 Protopanderodus elongatus 
35 Eoplacognathus elongatus 95 P. gradatus 
36 E. foliaceus-reclinatus 96 P. leonardii 
37 Erraticodon balticus 97 P. rectus 
40 Fahraeusodus marathonensis 98 P. robustus 
42 Histiodella altifrons 99 P. varicostatus 
43 H. holodentata 100 Protoprioniodus aranda 
44 H. minutiserrata 101 P. nyintii 
45 H. serrata 102 P. papilosus 
46 H. sinuosa 105 Pteracontiodus alatus 
50 Juanognathus jaanussoni 107 P. cryptodens 
51 J. variabilis 108 P. gracilis 
52 Jumudontus gananda 110 Pygodus anserinus 
54 “Loxodus” curvatus 111 P. serrus 
55 Microzarkodina flabellum NN 2 Reutterodus andinus of E. & C. 
56 Multioistodus subdentatus 1S Scalpellodus latus of Cooper 
57 Neomultioistodus compressus 117 Scandodus sp. aff. S. flexuosus 
58 Oelandodus costatus 119 “Scandodus” sinuosus 
59 Oepikodus communis 121 Scolopodus rex 
60 O. evae 122 Spinodus sp. aff. S. spinatus 
61 Oistodus lanceolatus 124 Staufferella falcata 
62 O. multicorrugatus 127 Thrincodus palaris 
64 O. n. sp. 130 Tripodus combsi 
67 Paltodus jemtlandicus 132 Walliserodus ethingtoni 
69 P. sweeti 134 Yaoxtanognathus abruptus 
71 Panderodus gracilis 


* Gaps in index-no. sequence indicate that the list includes only species used in correlation. 


ian faunas. We illustrate these species on Plate | and 
append the following notes about them. 


Ansella 


Species of Ansella are represented by A. nevadensis 
and A. robusta in the upper part of the standard ref- 
erence section assembled herein, and by A. jemtlandica 
(Pl. 1, figs. 4—7) in the lower. A. jemtlandica is also 
known from the lower part of the Antelope Valley 
Limestone in the Meiklejohn Peak section (MJP) and 
in early Whiterockian strata in the northern Ranger 


Mountains of southern Nevada (Ross and Ethington, 
1992). 


Baltoniodus gerdae 


Baltoniodus gerdae (Bergstrém) (PI. 1, figs. 20, 21). 
Since 1982, the first occurrence of this species has 
been used to mark the base of the upper Middle Or- 
dovician Mohawkian Series, and thus the top of the 
subjacent Whiterockian Series (Ross et al., 1982). In 
central Nevada, representatives of B. gerdae have been 
collected from the AR section and they have also been 
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reported from high in the Antelope Valley Limestone 
in the Meiklejohn Peak section of southern Nevada 
(Harris et al., 1979). Both occurrences are of great 
importance in effecting the correlations described in 
this report. 


Histiodella 


Species of Histiodella characterize early Whiterock- 
ian conodont faunas in the Nevada, Utah, and 
Oklahoma sections considered in this report and we 
illustrate elements typical of several species in Plate 
1. Histiodella altifrons (P\. 1, figs. 23, 24), the earliest 
Whiterockian species, has smooth-edged albid, car- 
minate and alate elements that are subtriangular in lat- 
eral view. The carminate elements of H. minutiserrata 
have minutely serrated margins; those of H. sinuosa 
(Pl. 1, fig. 22) have crenulate posterior margins; and 
comparable elements of H. serrata (Pl. 1, fig. 32) dis- 
play a distinct cusp, a conspicuously denticulated pos- 
terior process, and a steeply sloping, denticulated an- 
terior process. H. holodentata, adequately diagnosed 
and illustrated by Ethington and Clark (1982, pl. 4, 
figs. 1, 3, 4, 16), is the youngest Histiodella species 
recognized thus far in central Nevada. 

The morphologic progression from Histiodella al- 
tifrons through H. minutiserrata to H. sinuosa, H. ser- 
rata, and H. holodentata suggests evolutionary devel- 
opment and the sequence is repeated in every section 
for which we currently have information. However, 
McHargue (1982) demonstrated from study of huge 
collections of Histiodella from the Joins Formation of 
south-central Oklahoma that carminate elements with 
the characters we have used to identify species of the 
genus appear gradually in populations so that there is 
considerable stratigraphic overlap between elements 
with the characters of one species and those with char- 
acters of its successor. Thus, for example, elements 
typical of H. minutiserrata appear first in Joins collec- 
tions dominated by smooth-margined forms like the 
ones we have recognized as H. altifrons. In like man- 
ner, anteriorly denticulated elements like those of H. 
sinuosa appear early in the range of Joins collections 
dominated by the minutely serrated elements we iden- 
tify as H. minutiserrata. Because most of our samples 
from Nevada and Utah contain only a few Histiodella 
elements, the composition of the populations from 
which they were drawn cannot be determined. Thus, 
although Histiodella was a distinctive component of 
early Whiterockian conodont faunas, we have found it 
difficult to use the ranges of its species very effectively 
in graphic correlation. 


Neomultioistodus compressus 


The semi-hyaline elements of Neomultioistodus 
compressus (Pl. 1, figs. 14-19) dominate collections 


from the Joins and Oil Creek formations of south-cen- 
tral Oklahoma. They also occur in samples from lower 
Whiterockian strata in western Utah and eastern Ne- 
vada, but are not numerous in those samples or in the 
few from central Nevada that yield them. We illustrate 
an array of typical specimens from the base of the 
Antelope Valley Limestone in the WRC section pri- 
marily as examples of a Whiterockian fauna that is 
present in central Nevada but only weakly represented 
there. 


Oistodus Nn. sp. 


Several samples from the BLM, Martin Ridge South 
(MR-I) and Whiterock Canyon sections yield large el- 
ements (PI. 1, fig. 31) reminiscent of those of Oistodus 
multicorrugatus, but with a tall, posteriorly-inclined 
denticle atop the short posterior process. The species 
represented by these elements is useful in graphic cor- 
relation, but we defer formal diagnosis to a systematic 
treatment of Whiterockian conodonts now in prepara- 
tion. 


Paraprioniodus n. sp. 

In their report on Ibexian conodonts, Ethington and 
Clark (1982) identified this species as Paraprioniodus 
costatus (Mound) and provided excellent illustrations 
of components of its multielement apparatus. Studies 
of large collections from the Joins and Oil Creek for- 
mations of south-central Oklahoma suggest that P. 
costatus had a geniculate coniform element in the M 
position, rather than the dolabrate form Ethington and 
Clark illustrated. Joins and Oil Creek faunas are cur- 
rently under study by Jeffrey A. Bauer, of Shawnee 
State University, who will name, diagnose and illus- 
trate this new species, so we list it here in open no- 
menclature. 


Periodon gladysi 


Periodon gladysi Albanesi, 1998 (Pl. 1, figs. 1—3), 
based on specimens from the San Juan Formation of 
the Argentine Precordillera, has not previously been 
reported from North America. It is represented in two 
of the sections (BLM, WRC) considered in this report 
and is important in correlating those sections. We il- 
lustrate three specimens from WRC and compare them 
on Plate 1 with elements of Periodon flabellum (Pl. 1, 
figs. 8-13) which is known from the BLM, MR-I, and 
WRC sections in central Nevada, the Meiklejohn Peak 
(MJP) section in southern Nevada, and from Ordovi- 
cian strata in the Argentine Precordillera regarded by 
Albanesi (1998) as of mid- to late Arenigian age. 


Tripodus combsi (Plate 1, figs. 25-30) 


From elements in lower Whiterockian strata in west- 
ern Utah, Ethington and Clark (1982) assembled a 
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multielement species for which they used the name 
Tripodus laevis Bradshaw. In 1984, Stouge recognized 
a species whose apparatus is identical to that of Eth- 
ington and Clark’s 7. /aevis, but also includes elements 
like those Bradshaw (1969) named Acodus combsi. We 
now agree with Stouge’s reconstruction and his choice 
of “combs” as trivial name; however, because the ap- 
paratus includes the type form-species of Bradshaw’s 
Tripodus, we follow the conservative procedure of as- 


signing the species to Tripodus, rather than Acodus, 
whose apparatus anatomy is still unkown. 


ASSEMBLY OF WHITEROCKIAN STANDARD 


Using the data on stratigraphic ranges of conodonts 
summarized in Appendix A and the graphic-correla- 
tion procedures described by Shaw (1964), we have 
assembled a standard reference section for the Whi- 


PLATE 1 


Figures are digital images of conodont elements from Whiterockian strata in central Nevada. Numbers prefixed by OSU refer to catalog of 
the Orton Museum of Geology, The Ohio State University, Columbus, Ohio. Numbers prefixed by USNM refer to catalog of the U. S. National 
Museum, Washington, DC. 


1-3 


Periodon gladysi Albanesi, 1998 
1. Pa element, lateral view, *90. 10 m above base of Antelope Valley Limestone, Whiterock Canyon section. OSU 51151. 
2. M element, lateral view, * 102. 10 m above base of Antelope Valley Limestone, Whiterock Canyon section. OSU 51152. 
3. Sa element, lateral view, 99. 10 m above base of Antelope Valley Limestone, Whiterock Canyon section. OSU 51153. 


4. Sb element, lateral view, *55. 4.5 m above base Antelope Valley Limestone, Whiterock Canyon section. OSU 51154. 
5. Sc element, lateral view, *55. 4.5 m above base Antelope Valley Limestone, Whiterock Canyon section. OSU 51155. 
6. Sa element, lateral view, «55. 4.5 m above base Antelope Valley Limestone, Whiterock Canyon section. OSU 51156. 
7. M element, lateral view, *55. 4.5 m above base Antelope Valley Limestone, Whiterock Canyon section. OSU 51157. 


«60. Basal 0.15 m Antelope Valley Limestone, Whiterock Canyon section. OSU 51158. 
«55. Basal 0.15 m Antelope Valley Limestone, Whiterock Canyon section. OSU 51159. 
«65. Basal 0.15 m Antelope Valley Limestone, Whiterock Canyon section. OSU 51160. 
«65. Basal 0.15 m Antelope Valley Limestone, Whiterock Canyon section. OSU 51161. 
65. Basal 0.15 m Antelope Valley Limestone, Whiterock Canyon section. OSU 51162. 
70. Basal 0.15 m Antelope Valley Limestone, Whiterock Canyon section. OSU 51163. 


14. Sa element, lateral view, X75. Basal ledge of Antelope Valley Limestone, Whiterock Canyon section. OSU 51164. 
15. Sc element, lateral view, X60. Basal ledge of Antelope Valley Limestone, Whiterock Canyon section. OSU 51165. 
16. Pa element, lateral view *75. Basal ledge of Antelope Valley Limestone, Whiterock Canyon section. OSU 51166. 
17. Pb? element, lateral view, *60. Basal ledge of Antelope Valley Limestone, Whiterock Canyon section. OSU 51167. 
18. Sb element, lateral view, *75. Basal ledge of Antelope Valley Limestone, Whiterock Canyon section. OSU 51168. 
19. M element, lateral view, 50. Basal ledge of Antelope Valley Limestone, Whiterock Canyon section. OSU 51169. 


20. “Amorphognathiform” P element, view of upper surface, 33. 126 m above base of Hill 8308 section, Antelope Range. 


21. “Prioniodontiform” P element, lateral view, 44. 126 M above base of Hill 8308 section, Antelope Range. USNM 258550. 


22. P element, lateral view, 105. 16.8 m above base of Antelope Valley Limestone, Whiterock Canyon section. OSU 51170. 


23. P element, lateral view, 140. 41.5 m above base Ninemile Formation, Whiterock Canyon section. OSU 51171. 
24. Sa element, posterior view, * 140. 41.5 m above base Ninemile Formation, Whiterock Canyon section. OSU 51172. 


25. Sc element, lateral view, X61. Basal ledge of Antelope Valley Limestone, Whiterock Canyon section. OSU 51173. 
26. Sbb element, lateral view, 60. Basal ledge of Antelope Valley Limestone, Whiterock Canyon section. OSU 51174. 
27. M element, lateral view, X60. Basal ledge of Antelope Valley Limestone, Whiterock Canyon section. OSU 51175. 
28. Sba element, lateral view, X61. Basal ledge of Antelope Valley Limestone, Whiterock Canyon section. OSU 51176. 
29. Sa element, posterior view, X70. Basal ledge of Antelope Valley Limestone, Whiterock Canyon section. OSU 51177. 
30. P element, lateral view, X62. Basal ledge of Antelope Valley Limestone, Whiterock Canyon section. OSU 51178. 


31. Lateral view, 45. 14.5 m above base of Antelope Valley Limestone, Whiterock Canyon section. OSU 51179. 


4-7. Ansella jemtlandica (L6fgren, 1978) 
8-13. Periodon flabellum (Lindstrém, 1955) 
8. M element, lateral view, 
9. Pa element, lateral view, 
10. Sd element, lateral view, 
11. Sb element, lateral view, 
12. Sc element, lateral view, 
13. Sa element, lateral view, 
14-19. Neomultioistodus compressus (Harris and Harris, 1965) 
20, 21. Baltoniodus gerdae (Bergstrom, 1971) 
USNM 258551. [specimen also illustrated as fig. 15, pl. 5, in Harris er al., 1979] 
[specimen also illustrated as fig. 14, pl. 5, in Harris er al., 1979]. 
22. Histiodella sinuosa (Graves and Ellison, 1941) 
23, 24. Histiodella altifrons Harris, 1962 
25-30. Tripodus combsi (Bradshaw, 1969) 
31. Oistodus n. sp. 
32. Histiodella serrata Harris, 1962 


32. P element, lateral view, 120. 54 m above base Antelope Valley Limestone, Whiterock Canyon section. OSU 51180. 
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terockian Series in central Nevada, the type area. Our 
procedures are summarized as follows: 


PRELIMINARY STEPS 


The BLM section includes the greatest thickness of 
Antelope Valley Limestone in any of the five sections 
for which we have information. Further, the BLM sec- 
tion continues upward to the Copenhagen Formation 
without any obvious break. Consequently, we chose 
this section as the base, or reference section, for com- 
pilation of a standard. 

Like the BLM section, section MR-II, at the north 
end of Martin Ridge includes the upper few meters of 
the Antelope Valley, the Antelope Valley/Copenhagen 
contact, and the lower few meters of the Copenhagen. 
Section MR-II is too short to be integrated graphically, 
but it provides important information on stratigraphi- 
cally significant conodonts in the boundary interval. 
Hence, on the assumption that the Antelope Valley/ 
Copenhagen contact is at the same level (407 m) in 
both BLM and MR-II, we added range information 
from MR-II to BLM and used the combined section 
as the base for further graphic correlations. Ranges of 
conodonts in the combined section are listed in the 
column of Appendix A headed BLM+MRII. 

The graph of Text-figure 2A compares ranges of co- 
nodont species common to the AR section and the 
combined BLM+MII section. Although the plotted ar- 
ray is rather diffuse, a line of correlation (LOC) with 
a slope of 1.0 and an X-axis intercept of 357 bisects 
a much narrower array that includes the upper range 
limits of species 31 (Drepanoistodus angulensis) and 
76 (Paraprioniodus n. sp.), the first and last occur- 
rences of species 36 (Eoplacognathus foliaceus—recli- 
natus), and the Antelope Valley/Copenhagen contact 
(plotted as an **x”’). Thus, in the column of Appendix 
A headed AR+357, we have added 357 m to ranges 
in the AR column, and, in the column headed CS-1 
we have combined BLM+MII and AR ranges. 

A final step in this preliminary phase of assembly 
involved graphic comparison of section MR-I with 
CS-1. This comparison is depicted in Text-figure 2B. 
Although there was probably little appreciable differ- 
ence in rock-accumulation rate between MR-I and 
nearby BLM, the slope coefficient (0.93) of the LOC 
in Text-figure 2B suggests that rock accumulated 
slightly more rapidly at MR-I than at BLM. We sus- 
pect, however, that the slight difference in accumula- 
tion rate suggested by the lower coefficient 1s more 
probably attributable to differences in section-mea- 
surement procedures and placement of samples. In any 
event, we used the LOC given in Text-figure 2B to 
determine BLM-equivalent ranges for species identi- 
fied in MR-I and used these in compiling a composite 


section that utilizes range information from the three 
Monitor Range sections and the one in the northern 
Antelope Range. That composite section is indicated 
in Appendix A in the column headed WRCS-1. 

Logically, addition of the Whiterock Canyon section 
(WRC) would have been the next step in assembly of 
a Whiterockian standard section, for that section in- 
cludes the “spike” that officially marks the base of the 
series (Ross and Ethington, 1991). However, Appendix 
A indicates that there are substantial differences in the 
ranges of critical species in the two sections and these 
differences would influence graphic correlation. For 
example, in WRC, Histiodella altifrons and Tripodus 
combsit make their debut at the same level (40 m), 
whereas in WRCS-1 the first occurrence of 7. combsi 
precedes that of H. altifrons by 60 m. Also, H. altif- 
rons has a very short range (10 m) in WRC, but is 
represented through 45 m of strata in WRCS-1. Ad- 
ditionally, Ninemile Formation samples below the 40 
m level in WRC yield many conodonts of Ibexian 
stamp that are largely unrepresented in the lower part 
of WRCS-1. 


INTEGRATION OF MEIKLEJOHN PEAK SECTION 


Because of the problems with the Whiterock Can- 
yon section (WRC) just mentioned, our next step was 
integration of the section at Meiklejohn Peak, Nevada 
(MJP), which was established by Ross and Ethington 
(1991, 1992) as a reference section for the basal part 
of the Whiterockian Series. In composing the graph of 
Text-figure 2D, we combined range data for conodonts 
from the Orthidiella Zone (or Zone L) given by Ross 
and Ethington (1992) with data from the upper part of 
the Antelope Valley Limestone given in text-fig. 13 of 
Harris et al. (1979). This information was then plotted 
(on the Y axis) against ranges (on the X axis) of the 
same conodont species in WRCS-1. The LOC of Text- 
figure 2D lacks control in its mid-portion, but is oth- 
erwise a credible indication of the relation between 
Whiterockian strata in these two parts of Nevada. Us- 
ing the LOC equation, WRCS = 1.12 MJP — 7, we 
then added information from the Meiklejohn Peak sec- 
tion to the Whiterock CS. The now more inclusive 
WRCS-? is in Appendix A. 


COMPILATION OF WHITEROCK CANYON SECTION 


With data from Meiklejohn Peak included in 
WRCS-2, we then plotted range data from the section 
in Whiterock Canyon (WRC) that includes the basal 
stratotype of the Whiterockian Series (Ross and Eth- 
ington, 1991). This plot, shown in Text-figure 2C, re- 
sults in an array that is quite diffuse and might be 
interpreted in several ways. The LOC shown in Text- 
figure 2C is drawn at the interface between segments 
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Text-figure 2—A, Graphic correlation of Hill 8308 (AR) section with combined BLM and MRII sections. B, Graphic correlation of Martin 
Ridge South (MR-I) section with composite section BLM+MRII+AR. C, Graphic correlation of Whiterock Canyon section with a Whiterock 
CS, which is a composite of information from BLM, MRI, MRII, AR, and MJP. D, Graphic correlation of Meiklejohn Peak (MJP) section 
with the Whiterock CS, a composite of information from BLM, MRI, MRII, and AR. In all graphs, dots represent common range bases: 


crosses mark common range tops. In A, “x” 


marks base of Copenhagen Formation; in C, “Ls” mark base and top of brachiopod Zone L 


projected from MJP section. Numbers near dots and crosses are keyed to species numbers in Table 1. 


of the graph that include (on the right) a majority of 
the upper range limits and (on the left) all but one of 
the plotted first occurrences. In fitting this line we were 
also influenced by projection from the Meiklejohn 
Peak section of the lower and upper limits of the Or- 
thidiella Zone, which has been equated with Zone L 


of Ross (1951). These limits are shown in Text-figure 
2C as “Ls”. Because the spike implanted at 43 m in 
the WRC section officially marks the base of the Whi- 
terockian Series (and the Orthidiella Zone), we are 
now able to project that level into the Whiterockian 
Composite section (WRCS-3). It is thus 66 csu above 
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the base of that section, or 66 m above the base of the 
exposed Antelope Valley Limestone in the BLM sec- 
tion on the east side of Martin Ridge. 


REGIONAL CORRELATIONS 


Over the years, conclusions derived from biostrati- 
graphic studies at other localities in western North 
America have crystallized into concepts of “basal 
Whiterockian” that have been widely applied and ac- 
cepted (e.g., Ross et al., 1997; Sweet and Tolbert, 
1997; Fortey and Droser, 1996). Thus, our next step 
in establishing a Whiterockian standard was to com- 
pare the Whiterock CS (WRCS-3) graphically with 
well-established sections in other parts of the country 
known, or reputed to include strata of Whiterockian 
age. For this purpose we considered sections in the 
Ibex District of western Utah (Hintze, 1952; Ross ef 
al., 1997); the Shingle Pass section in the southern 
Egan Range of eastern Nevada (Sweet and Tolbert, 
1997); a West Spring Creek-Simpson section on the 
southern flank of the Arbuckle Mountains in south- 
central Oklahoma; and the Mohawkian-Cincinnatian 
Composite Standard Section (MC-CS) assembled by 
Sweet (1995a, 1995b) from sections at more than 80 
localities in Midcontinent and eastern United States 
and including supposed equivalents of the upper Whi- 
terockian (=Chazyan) in its lower part. 


CORRELATION WITH MIDCONTINENT 
COMPOSITE STANDARD 


In the graph of Text-figure 3A, we compare ranges 
of conodont species in WRCS-3 with ranges of upper 
Whiterockian species in the MC-CS. This procedure is 
identical to the one employed by Sweet (1995b), but, 
with the better-controlled range data of the present 
study, yields a LOC described by a slightly different 
equation. Using MC-CS = 0.658 WRCS + 559, the 
equation of the LOC drawn in Text-figure 3A, ranges 
summarized in WRCS-3 were translated into MC-CS 
values, with the results listed in the column of Appen- 
dix B headed *.658 + 559 and a new composite sec- 
tion was assembled from the lowest and highest range 
values in the two sets. Those values are listed in Ap- 
pendix B in the column headed MC-CS-1. 


CORRELATION WITH ARBUCKLE MOUNTAINS SECTION 


Following creation of a composite section stated in 
terms of MC-CS, we then compared ranges of cono- 
dont species assembled in that section graphically with 
those in a 557-m section (LOK) on the south flank of 
the Arbuckle Mountains in south-central Oklalhoma 
that includes the upper part of the West Spring Creek 
Formation and the Joins and Oil Creek formations. 
The graph of Text-figure 3B displays results of the 


comparison of LOK with a MC-CS now augmented 
by data from Whiterockian sections in central Nevada. 
The LOC of this graph was fitted to an array of range- 
limits that are well controlled in both MC-CS and 
LOK. LOK values were then converted to MC-CS val- 
ues by use of the equation, MC-CS = 0.41LOK + 507 
and a new composite was composed by selecting the 
lowest and highest range values for each species from 
the two data sets. That composite is listed in the col- 
umn of Appendix B headed MC-CS-2. 


CORRELATION WITH SHINGLE PASS-IBEX AREA 
COMPOSITE SECTION 


Finally, in Text-figure 3C we compare MC-CS-2 
graphically with data from a regional composite sec- 
tion (SPIB) that combines range information from sec- 
tions at Shingle Pass, in eastern Nevada, and the Ibex 
District of western Utah. This regional composite, giv- 
en in detail in Appendix 3 of Sweet and Tolbert 
(1997), is primarily of Ibexian conodont species, but 
also includes information on the ranges of Whiterock- 
ian species in its upper part. The well-controlled LOC 
of Text-figure 3C is described by the equation, MC- 
CS = 0.52 SPIB + 95, and we used this equation to 
convert SPIB range values into MC-CS-equivalent 
ones. MC-CS and converted SPIB values were then 
combined, as previously, into a new MC-CS-3, which 
now summarizes range data from central and eastern 
Nevada, western Utah, south-central Oklahoma and 
the lower part of a Midcontinent composite section. 
Ranges in this augmented MC-CS are stated in terms 
of the Midcontinent Composite Standard Section, 
which now includes information from the base to the 
top of the Ordovician System in the United States. 


CONCLUSIONS 


In Text-fig. 4, the results of our conodont-based cor- 
relation of Whiterockian sections in Nevada, Utah, and 
Oklahoma (Text-fig. 4A) are compared with a dia- 
grammatic representation of the facies components of 
the Whiterockian shelf published by Ross er al. (1989) 
(Text-fig. 4B). In most respects the results of the two 
studies agree, but they differ in at least two obvious 
aspects. First, the upper limit of the Orthidiella bra- 
chiopod Zone, controlled in Text-figure 4A by the sec- 
tions at Meiklejohn Peak and Whiterock Canyon, pro- 


jects into the conodont-based framework at a level 


well above the middle of the Kanosh Shale, at Ibex, 
and thus to about the mid-point of the supposedly su- 
perjacent Anomalorthis brachiopod Zone shown in 
Text-figure 4B. Unfortunately, scaled ranges of the 
brachiopod species that define the Anomalorthis Zone 
are not available for sections in our graphically com- 
piled network, so we cannot evaluate this disparity in 
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Text-figure 3.—Graphic correlation of A, Midcontinent CS and Whiterock CS; B, Arbuckle Mountains (LOK) section, and C, Shingle Pass- 
Ibex Area composite section with a Midcontinent Composite Section that includes values projected from the Whiterock Composite section. In 
all three graphs, dots mark common range bases and crosses mark common range tops. Numbers near dots and crosses are keyed to species 
numbers in Table 1. 
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Text-figure 4.—A. Diagrammatic assembly of the sections correlated graphically in this report. Vertical scale is that of the Midcontinent 
Composite Standard Section (Sweet, 1995b). MJP = Meiklejohn Peak section; AR = Hill 8308 section in Antelope Range; WRC = Whiterock 
Canyon section; BLM BLM Fence section; MR-II = Martin Ridge North section; MR-I = Martin Ridge South section; SH = Shingle Pass 
section, southern Egan Range, Nevada; IB = Ibex area composite section, western Utah; Arbuckles = section along Interstate Highway 35 on 
south flank of Arbuckle Mountains, Carter County, Oklahoma. B. Diagrammatic cross-section of the Whiterockian carbonate shelf reconstructed 
by Ross et al., 1989 
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results. It may be noted, however, that Anomalorthis 
occurs within the Orthidiella Zone at a number of 
places, so both lateral and vertical intergradation of the 
two biostratigraphic zones is probable. 

Second, Ross et al. (1997) drew the Ibexian-Whi- 
terockian boundary in the Ibex District of western 
Utah at the level 8.5 m below the top of the Wah Wah 
Limestone in Hintze’s (1952) section J at which bra- 
chiopods of Zone L (the Paralenorthis—Orthidiella 
Zone) first appear. Ethington (in Ross ef al., 1997), 
however, drew the same boundary 2.8 m lower in the 
Wah Wah, at the level of first appearance of the co- 
nodont Tripodus combsi (then Tripodus laevis). Sweet 
and Tolbert (1997) followed the same procedure in de- 
fining the base of the Whiterockian Series in the Shin- 
gle Pass section. In the central Nevada sections con- 
sidered in this report, however, 7. combsi appears for 
the first time at least 66 m below the projected level 
of the basal stratotype of the Whiterockian Series, and 
this certainly limits its usefulness in defining the 
Whiterockian base regionally. Furthermore, the base of 
the Orthidiella Zone, controlled in our conodont-based 
framework by the Meiklejohn Peak and Whiterock 
Canyon sections, projects to a level well above the 


base of the Juab Limestone in the Ibexian standard 
section. Because control on the ranges of conodonts is 
tighter than on ranges of brachiopods critical to defin- 
ing the limits of Zone L in the Ibex District, we sus- 
pect that slight revision in placement of the Ibexian- 
Whiterockian boundary there may be in order. 

Finally, we cannot point to a single conodont spe- 
cies in a credible developmental sequence that will be 
useful regionally in defining the base of the White- 
rockian Series, and we suspect that this is also the case 
with the brachiopod and trilobite species that have 
been used thus far so effectively in Whiterockian bio- 
stratigraphy in the western United States. However, in 
the graphic procedure we have used in assembling a 
standard section for the Whiterockian Series, it is not 
necessary to rely on such icons. That is, even though 
the stratotypical base of the Whiterockian has been 
established in the Whiterock Canyon section at the lev- 
el of first occurrence there of the brachiopod Orthi- 
diella, that same level may be identified with confi- 
dence in sections that lack Orthidiella 1f those sections 
can be correlated through graphic comparison of the 
ranges of the conodont or other species they have in 
common. 
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Appendix B.—Stratigraphic ranges of conodont species (“#" corresponds to “Index No.” in Table 1) in meters, by section. MC-CS = 
Midcontinent CS; WR-CS = Whiterock CS; LOK = Arbuckles section; SPIB = Shingle Pass-Ibex CS. *See text for discussion of adjustments. 


# MC-CS WRCS-3 ——*.658+559 MC-CS-1 LOK *0.41+507 MC-CS-2 SPIB 52495 MC-CS-3 
2 960-1025 = 518-543 900-916 900-1025 900-1025 900-1025 
3 750-806 61-162 606—666 606-806 447-554 690-734 606-806 606-806 
4 871-883 233-487 712-879 712-883 712-883 712-883 
5 544-830 303-45 1 758-856 544-856 544-856 1219-1322 729-782 544-856 
8 876-899 482-487 876-879 876-899 876-899 876-899 
9 824-871 464 864 824-871 824-871 824-871 
11 942-1015 495-543 885-916 885-1015 885-1015 885-1015 
2 773-933 398-502 821-889 773-933 773-933 773-933 
16 737-849 400—407 822-827 737-849 737-849 737-849 
17 822-885 418-470 834-868 822-885 822-885 822-885 
18 218-375 702-806 702-806 385-532 665-725 665-806 1186-1240 712-740 665-806 
21 11-49 567-591 567-591 567-591 567-591 
22. (-2)-150 558-658 558-658 558-658 318-870 260-547 260-658 
24 823-1140 400-518 822-900 822-1140 822-1140 822-1140 
25 823-979 403-523 824-903 823-979 823-979 823-979 
28 218-375 702-806 702-806 493-532 709-725 702-806 1209-1223 724-731 702-806 
29 (-8)-144 554-0654 554-654 0-13 507-512 507-654 420-999 313-614 313-054 
31 15-158 569-663 569-663 272-559 619-736 569-736 999-1240 614-740 569-740 
32 (-2)-196 558-688 558-688 558-688 381-1092 293-663 293-688 
33 750-1276 332-566 777-931 750-1276 750-1276 750-1276 
35 834-893 443-461 850-862 834-893 834-893 834-893 
36 750-768 393—404 818-825 750-825 750-825 750-825 
37 750-850 365—454 799-858 750-858 750-858 1172-1332 704-788 704-858 
40 ©2)-192 558-685 558-685 275-557 620-735 558-735 611-1072 413-652 413-735 
42 60-105 598-628 598-628 275-298 620-629 598-629 1006-1082 618-658 598-658 
43 218-375 702-806 702-806 477-557 703-735 702-806 1216-1240 727-740 702-806 
44 61-183 599-679 599-679 280-342 621-647 599-679 1036-1082 634-658 599-679 
45 128-257 643-728 643-728 344-364 648—656 643-728 643-728 
46 72-215 606-700 606-700 313-544 635-730 606-730 1072-1216 652-727 606—730 
50 (—2)-261 558-731 558-731 558-731 879-1082 552-658 552-731 
51 (—2)-118 558-637 558-637 188 584 558-637 660-1006 438-618 438-637 
32. (-8)-38 554-584 554-584 554-584 753-1006 487-618 487-618 
54 218-420 702-835 702-835, 702-835 1209-1229 724-734 702-835 
55 0-71 559-606 559-606 559-606 950-974 589-601 559-606 
56 308 762 762 268-404 617-673 617-762 1193-1230 715-735 617-762 
57 61-386 599-813 599-813 272-557 619-735 599-813 984-1168 607-702 599-813 
58 39-55 585-595 585-595 585-595 585-595 
59 (—8)-89 554-618 554-618 0-231 507-602 507-618 660-959 438-593 438-618 
60 (-2)-55 558-595 558-595 558-595 995 612 558-612 
6l (—8)-109 554-631 554-631 554-631 830-911 527-569 527-631 
133 647 647 647 647 
62 0-390 559-816 559-816 0-557 507-735 507-8 16 853-1082 539-658 507-816 
64 6-196 563-688 563-688 563-688 563-688 
67 61-151 599-658 599-658 599-658 599-658 
69 (—2)-60 558-598 558-598 558-598 558-598 
71 822-1263 393-566 818-931 818-1263 818-1263 818-1263 
72 822-1261 383-404 811-825 811-1261 811-1261 811-1261 
73 0-183 559-679 559-679 6-188 509-584 509-679 739-1082 479-658 479-679 
74 12-150 567-658 567-658 279-298 621-629 567-058 600-1082 407-658 407-658 
75 (—2)-390 558-816 558-816 0-554 507-734 507-816 353-1223 279-731 279-816 
76 247-391 722-816 722-816 410-557 675-735 675-816 675-816 
77 288 749 749 275-462 620-696 620-749 1067-1132 650-684 620-749 
i) 61-192 599-685 599-685 599-685 896-1044 561-638 561-685 
80 G2)=189: 558-650 558-650 558-650 391-974 298-601 298-650 
81 757-859 6-540 563-914 563-914 563-914 563-914 
82 (—8)-123 554-640 554-640 554-640 554-640 
83 61-178 599-676 599-676 599-676 599-676 
84 874-1134 510-566 895-931 874-1134 874-1134 874-1134 
86 749-892 258-466 729-866 729-892 729-892 1302-1332 772-788 729-892 


87 824-962 447-461 853-862 824-962 824-962 824-962 


Appendix B—Continued. 
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# MC-CS WRCS-3 
88 960-1259 = 502-566 
89 807-1009 381-449 
90 980-1268 557 
91 942-1024 540-549 
92 83 407-409 
94 (—2)-178 
95 (—2)-251 
96 (—2)—162 
97 0-251 
98 61-144 
99 750-859 395-45 1 
100 (-8)-71 

66-178 
101 0-12 
102 60-109 
105 750-913 395-461 
107 247-291 
108 332-407 
110 828-859 409-447 
111 762-828 402-407 
112 11-44 
115 0-79 
117 15-49 
119 126-394 
121 (—2)-60 
122 952-976 466 
124 849-1152 386-488 
127 805-885 397-434 
130 (—8)—242 
132 (—1)-165 
134 972-1114 540-557 


*.658+559 MC-CS-1 LOK *0.414+507 MC-CS-2 SPIB 52-695 MC-CS-3 
889-931 889-1259 889-1259 889-1259 
810-854 807-1009 807-1009 807-1009 

926 926-1268 926-1268 926-1268 
914-920 914-1024 914-1024 914-1024 
827-828 827-834 827-834 827-834 
558-676 558-676 558-676 794-89 | 508-558 508-676 
558-724 558-724 188-557 584-735 558-735 739-1210 479-724 479-735 
558-666 558-666 558-666 640-1059 428-646 428-666 

559-724 559-724 559-724 559-724 
599-654 599-654 599-654 599-654 
819-862 750-862 750-862 750-862 
554-606 554-606 188-231 584-602 554-606 884-999 554-614 554-614 
602-676 602-676 602-676 602-676 
559-567 559-567 559-567 896-1006 561-618 559-618 
598-631 596-631 596-63 1 903 565 565-631 
819-862 750-913 750-913 750-913 
722-750 722-750 272-547 619-731 619-750 905-1161 566-699 566-750 
777-827 777-827 441-554 688-734 688-827 1181-1216 709-727 688-827 
828-853 828-859 828-859 828-859 
824-827 762-828 762-828 762-828 
566-588 566-588 566-588 758-944 489-586 489-588 
559-611 559-611 559-611 559-611 
569-591 569-591 206 So 569-591 240-888 220-557 220-591 
642-816 642-8 16 349-557 650-735 642-816 642-816 
558-598 558-598 558-598 318-691 260—454 260-598 

866 866-976 866-976 866-976 
813-880 813-1152 813-1152 813-1152 

820-845 805-885 805-885 805-885 
554-718 554-718 268-544 617-730 554-730 928-1082 578-658 554-730 
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ABSTRACT 


The age of the St. Peter Sandstone in the central and northern Midcontinent has long been considered equivocal because of 
the general absence of biostratigraphically useful fossils. Conodonts recovered from the St. Peter Sandstone in Iowa, Minnesota, 
Nebraska, and Kansas for this study help place some age constraints on this renowned formation in its northern and western 
extent. Faunas from the lower St. Peter include Phragmodus flexuosus, Cahabagnathus sp., and Leptochirognathus sp., and a 
late Whiterockian (Chazyan) correlation is indicated. Juvenile or immature elements of P. flexwosus from these collections show 
morphologies trending toward P. cognitus and P. inflexus, and paedomorphic derivation of these latter species is proposed. 
Diverse assemblages of hyaline forms also occur in the St. Peter strata (Erismodus spp., Erraticodon sp., Curtognathus sp., 
Coleodus sp., Archeognathus sp., Stereoconus sp., others) along with various albid elements (Plectodina sp., Eoplacognathus sp., 
others). The overlying Glenwood Shale contains abundant conodonts dominated by Phragmodus cognitus, Erismodus sp., and 
Chirognathus duodactylus, and the fauna is interpreted as an early Mohawkian (Blackriveran) association. Certain thin shale 
units in the St. Peter-Glenwood succession represent condensed intervals, in part reflected by their exceptionally high conodont 
abundances. Some organic-rich phosphatic shale units in the lower St. Peter of western Iowa have produced equivalent yields of 
tens of thousands of conodonts per kilogram, and many Glenwood Shale samples yield thousands of conodonts per kilogram. 
Previous depositional models have proposed that the St. Peter is primarily a succession of littoral and nearshore facies forming 
a broadly diachronous transgressive sheet sand. However, broad-scale diachroneity cannot be demonstrated with available bio- 
stratigraphic control. The recognition of condensed marine shale units, phosphorites, ironstones, and pyritic hardgrounds in the 
western facies tract of the St. Peter Sandstone has necessitated a re-evaluation of previous regional models of St. Peter deposition. 
The St. Peter is interpreted to be a composite stratigraphic interval deposited during a succession of transgressive-regressive 
sedimentary cycles. Transgressive episodes in some cycles were marked by offshore sediment condensation or starvation within 
a stratified seaway. 
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INTRODUCTION 
DISCOVERY OF ST. PETER CONODONTS 


The St. Peter Sandstone is a widespread sandstone- 
dominated Ordovician stratigraphic unit recognized 
across much of the central United States. Because the 
St. Peter is bounded below by a major cratonic un- 
conformity of unknown duration (Sauk-Tippecanoe 
unconformity of Sloss, 1963) and because it failed to 
produce any biostratigraphically useful fossils after 
many decades of study, its age was long considered 
equivocal. In the 1970s indigenous conodonts were 
found in the type area of the St. Peter (Olsen, 1976). 
Clark and Miller (1971) and Grether and Clark (1980) 
recovered conodonts from the basal Readstown Mem- 
ber of the St. Peter in Wisconsin, but all of these were 
reworked from underlying units. Indigenous conodonts 


were described and illustrated from the St. Peter Sand- 
stone of Indiana by Rexroad er al. (1982). Witzke’s 
routine logging of a core from northwest lowa (Loc. 
CQ, see Appendix) in 1978 revealed the presence of 
rich and abundant conodont faunas during hand-lens 
examination of an interbedded shale unit (unit 8, Text- 
fig. 1) within the St. Peter succession. Subsequent pro- 
cessing of the shales produced large conodont collec- 
tions of potential biostratigraphic significance. W. M. 
Furnish and Gilbert Klapper generously provided ad- 
ditional conodont collections from a core of St. Peter 
Sandstone at St. Paul, Minnesota (Loc. SP) that they 
acquired from Bruce Olsen and Fred Sawin of the Uni- 
versity of Minnesota. 

Witzke (1980, 1992) provided some preliminary 
statements about the St. Peter conodont faunas from 
the St. Paul and Camp Quest cores, and Klapper (in 


green-gray |< trough crossbeds 


jtom. brown |7777 low-angle 


54 
sol 
agjz 
gf =) 
in 
a 
jin 
a 
° oa) 
7_— =—Z ee brown PLA EVILLE 
ae Te TT 
ae 24 LF fodk brown FORMATION 
720.3 Po (ed green-gray ~~ GLENWOOD 
sid shale SHALE 
7210 —- cee SHALE 
FS 
So 
2G 
oc 
730 0° 
= KEY: 
Pee sandstone, vf-f 
° (m-c) 
siltstone 
Ce to medium 
gray slity = \ 
739@ 1! ae & siltstone eoale 
ase oolitic 
oO ay > D644 
7a1e 8 fe Oc Ironstone 
° He [Z| aciomite 
744@ ae 885 P phosphatic 
use x pyritic 
5 P. ————|Pr red mottling 
hy da b brown shale 
10 750 vertical .’, Sandy 
( burrows -.- silty 
v1 = arglllaceous 
1 to shaley 
754.5@ iT ~~~ hardground or 
755.5@ = ieee irregular surface 


cross laminae 
<— burrows 


nth subhorizontal 
at mediumto | 2 burrows, vertical 
762 Pp dark brown 
eae = shale U burrows, U-shaped 
we 
tl tvartical © brachiopods 
5 2{ burrows © mollusks 
aa @ conodont 
<n brown sample 
(ee O barren conodont 
770 i sample 
Uy vertical & 
2 U-shaped 
Wy burrows 
a 


-Archeognathus In sandst. 


~ 1 Medium to dark 
Pp} brown shale 
wo 


—— 


ao 
— brown 


<P ~~ ST. PETER 
SANDSTONE 


CAMBRIAN - St. Lawrence Fm. 


$ 


°. 


Text-figure 1.—Graphic lithologic section of St. Peter-Glenwood 
succession from Camp Quest core, Locality CQ, northwest Iowa (see 
Appendix). Conodont sample numbers correspond to collections tab- 
ulated in Table 1. 


Klapper and Bergstrom, 1984, p. 968) also examined 
these collections as part of the seminal study of Ar- 
cheognathus. Although accomplished at a painstaking- 
ly slow rate, additional conodont collections were as- 
sembled from the St. Peter Sandstone and overlying 
Glenwood Shale at additional localities in lowa, Ne- 
braska, and Kansas, and these, together with the Camp 
Quest and St. Paul samples, form the basis of this re- 
port. To date, over 16,000 conodont elements have 
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been recovered from the St. Peter—Glenwood interval 
in four states (Tables | and 2; Appendix). 


STUDY AREA 


Core and outcrop sections of the St. Peter—Glen- 
wood interval were examined at scattered locations 
across a broad area of the central United States in por- 
tions of lowa, Minnesota, Kansas, Missouri, Nebraska, 
and Kansas (Text-fig. 2). Some of these sections were 
sampled and processed for conodonts with varying de- 
grees of success (solid black circles on Text-fig. 2; see 
also Text-fig. 3). Outcrop sections in these states are 
limited to the greater Mississippi Valley area of north- 
east Lowa, southeast Minnesota, and eastern Missouri, 
as well as the margins of the Ozark Dome. The great- 
est geographic extent of the St. Peter Sandstone in 
these states occurs in the subsurface, stretching be- 
tween the Ozark Dome to the south and the broad 
Transcontinental Arch to the north. Much of the Trans- 
continental Arch was emergent during St. Peter—Glen- 
wood deposition, and shorelines apparently bordered 
the margins of this feature (Witzke, 1980). Later ero- 
sional episodes beveled the St. Peter edge around the 
Transcontinental Arch, Ozark Dome, and Wisconsin 
Dome obscuring the original depositional limits of the 
formation. However, a structural sag (Nebraska Sag, 
Text-fig. 2) marks the location where Ordovician seas 
breached the Transcontintal Arch at times, and a poor- 
ly-known stratigraphic linkage between the Winnipeg 
Formation of the Williston Basin and equivalent units 
in the central United States is preserved in that area. 
The St. Peter Sandstone also extends across areas of 
Arkansas, Wisconsin, Illinois, Indiana, and Michigan, 
but these states are not included in this report. 


CONODONT PROCESSING AND RECOVERY 


Sampling from the St. Peter and Glenwood forma- 
tions was limited entirely to shale and mudstone lhi- 
thologies (primarily 5 cm diameter NX core splits), 
and conodonts were recovered from many of these 
samples. No attempt was made to sample the dominant 
sandstone lithologies of the St. Peter, although cono- 
donts occur within at least some of the sandstone units 
as well. Hand lens examination of one sandstone at 
Locality CQ (unit 5, Text-fig. 1) revealed denticles of 
Archeognathus, and Rexroad et al. (1982) and Shaw 
(1990) recovered conodonts from sandstones in Indi- 
ana and Illinois. The shale and mudstone samples used 
for this study were relatively small, varying between 
50 and 800 grams (most averaging about 200 gm). 
Green and gray shales were initially soaked in Stod- 
dard’s solvent, then decanted and soaked in water for 
partial to complete disaggredation. Organic-rich brown 
shales proved much more difficult to disaggregate, but 
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Table 2.—St. Peter-Glenwood conodont occurrences, lowa, Nebraska, Kansas, Minnesota. 


O- S- S- S- S- H- C- C- D- J- 
Sample SP-L SP-U 1977 1162) 1161 1159" 1158) 3579) 33876 3386 (GN 1748 1021 SS753 
Phragmodus cf. ambiguus—P 2 9 17 
M 2 29 23 
S (all types) 1 38 59 
Phragmodus cognitus—Pa 2 4 135 224 
Pb 1 137 101 
M 2 > 162 133 
S (all types) 2 1S 278 342 
Phragmodus cf. inflexus—PA 2 2 3) 140 
Pb 2 3 142 
M 4 12 263 
S (all types) 6 2 41 2317 
Phragm. spp. (ragments) (2) (5) @) (6) (30) (153) (16) (107) (457) 
Plectodina sp. 2 3 > 5 226 3 9 23 
Bryantodina typicalis 14 19 40 
?Bryantodina sp. 5 | | Z 
cf. Appalachignathus sp. 1 
indet. gen. sp. C 2 
Cahabagnathus sp. 4 
Eoplacognathus sp. 3 
Erismodus spp. (all types) 35 17 113 | | 6 10 65 55 285 17 144 97 
Erismodus spp. (fragments) (7) (3) (19) (9): (@25)r 12) (61) (59) (11) 
Erraticodon sp. 6 1? 4 ) 
Erraticodon sp. (fragments) (3) 
Curtognathus sp. 1 1S 
Chirognathus duodactylus | 11 31 16 
cf. Chirognathus sp. 2) 
cf. Leptochirognathus sp. | 1 
Coleodus spp. 1 6 
Archeognathus sp. | 3 9 
cf. Archeognathus sp. 3 2 9 10 
indet. multioistodontid? sp. 4 3? 
Stereoconus sp. P) l 
cf. Mixoconus sp. 19 I4 3 
Drepanoistodus suberectus 1 14 21 8 23 3 154 2 41 S) 
indet. coniform spp. 2 2) 6 | 
Panderodus sp. 1 18 3 33 22 
Oneotodus ? ovatus 2 B) 6 8 1 10 
Staufferella sp. l 3 | 
?Pseudooneotodus sp. 2 I 
misc. indet. elements I 3 | i 4 4 
indet. fragments (1) (3) (4) (10) (24) (11) (48) (23) (33) (59) (4) (90) (115) 
scolecodonts 22 7B} 12 py) 12 
inarticulate brachiopods Xe Xx X X 
other invertebrates x Xx Xx 
astraspid plates 121 is 


repeated baths in common household bleach (for pe- 
riods of months to years) slowly oxidized the organic 
cements resulting in progressive breakdown. The dis- 
aggregated shale residues were screened, dried, and 
manually picked. Yields were highly variable, al- 
though some individual samples yielded hundreds to 
thousands of elements. The most productive samples 
were some of the organic-rich brown shales which 
gave normalized yields commonly in excess of 1000 
conodonts per kilogram. Two exceptionally productive 
samples from the lower St. Peter (CQ-775.7, 762.8) 


gave normalized yields of 66,500 and 22,400 cono- 
donts per kilogram, respectively (if broken elements 
are counted, yields to 91,000 conodonts/kg are rec- 
ognized). Most of Glenwood green-gray shale samples 
were highly productive yielding equivalents of 1100 
to 5000 conodonts per kilogram. 
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Text-figure 2.—Study area and locality map. Hachured lines mark erosional edge of St. Peter Sandstone in the central United States and 
lower Winnipeg Formation in South Dakota (edge modified from Bunker er a/., 1988). Starved Rock Sandstone edge after Nunn (1986). State 
borders (broken lines) and major structural features are shown. Solid black circles show locations of St. Peter--Glenwood conodont samples; 
two-letter labels designate localities (see Appendix; all are subsurface core samples except Locality GN). Open circles show locations of 
additional St. Peter cores. St. Peter unconformably overlies Cambrian-Lower Ordovician strata across most of area. Area where St. Peter or 
Winnipeg overlies Precambrian crystalline basement denoted by diagonal ruling. 
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River (now known as the Minnesota River) at St. Paul, 
Minnesota (Owen, 1847, pp. 169-170), and the type 
locality was designated in that area in the bluff face 
below Fort Snelling (Stauffer, 1934; Stauffer and 
Thiel, 1941). The St. Peter Sandstone has been applied 
as a stratigraphic label for an Ordovician sandstone- 
dominated formation across a vast area of the North 
American continental interior, and it surely constitutes 
one of the most geographically widespread stratigraph- 
ic units recognized on the continent. Across most of 
its extent, the St. Peter is bounded below by the Sauk- 
Tippecanoe cratonic unconformity (Sloss, 1963), and 
it is capped by various Ordovician shale, sandstone, 
and/or carbonate units. The St. Peter Sandstone is 
overlain at its type locality and across most of the 
study area by a relatively thin shale interval known as 
the Glenwood Shale. The Glenwood type locality was 
defined in northeast lowa (Glenwood Township, Win- 
neshiek County), where it 1s subdivided locally into a 
lower arenaceous shale and an upper non-sandy shale 
(Calvin, 1906, p. 75). It is a green-gray noncalcareous 
shale only | to 2 m in thickness across most of its 
extent. 

Templeton and Willman (1963) united the St. Peter 
and Glenwood formations of the Upper Mississippi 
Valley within the Ancell Group together with carbon- 
ate-dominated facies of the Dutchtown and Joachim 
formations to the south (southern Illinois, Missouri, 
Indiana). In general, the Dutchtown and Joachim for- 
mations have been considered lateral lithofacies equiy- 
alents of the St. Peter and Glenwood formations to the 
north. Templeton and Willman (1963) further subdi- 
vided the St. Peter and Glenwood into a series of 
members. The main body of widespread St. Peter sheet 
sand was termed the Tonti Member. The Starved Rock 
Sandstone was originally included as a member of the 
St. Peter (ibid.), but its lateral interfingering with and 
superposition above characteristic green-gray Glen- 
wood shales in southeastern Iowa and northern Mis- 
souri has prompted its inclusion within the Glenwood 
Formation in those areas (Nunn, 1986; Agnew, 1955, 
p. 1733). The Starved Rock Sandstone is an elongate 
east-west-trending sandstone body (Text-fig. 2) that 
generally serves to separate Glenwood shales to the 
north from the Joachim Formation to the south. 


LITHOFACIES OF THE ANCELL GROUP 
Eastern Facies Tract 


A general eastern facies tract (Text-fig. 2) of the St. 
Peter—Glenwood interval is recognized that extends 
from the eastern portion of the study area in central 
lowa and the Upper Mississippi Valley area (eastern 
lowa, Minnesota) eastward across Wisconsin and 


northern Hlinois into Michigan and northeastern Indi- 
ana. The St. Peter Sandstone is by exceptionally pure 
quartzarenite lithologies across this region. A_ re- 
worked coarse-grained residual unit in the basal St. 
Peter is commonly recognized (variously termed the 
Readstown or Kress Member), and thick karst- and 
valley-filling successions (up to 150 m thick) in the 
lower St. Peter locally infill a complex erosional sur- 
face developed on underlying strata (primarily the 
Lower Ordovician Prairie du Chien Group). Other than 
such valley-filling successions, the St. Peter displays 
regional thickness patterns that likely reflect variations 
in depositional accommodation and sediment supply. 
The St. Peter commonly ranges between 15 and 25 m 
in thickness (locally to 125 m) across eastern lowa, 
and it generally thickens northward into the Twin City 
Basin of Minnesota (45-50 m thick in the type area). 
Thicknesses vary across Wisconsin and northern [li- 
nois (commonly 25—60 m; locally to 200 m), and the 
St. Peter dramatically thickens eastward into the Mich- 
igan Basin (100-350 m). 

The Tonti Member is characterized by fine to me- 
dium-grained sandstones (minor coarse horizons) con- 
taining limited amounts of argillaceous material over 
most of this area. Sedimentary structures are often dif- 
ficult to resolve in the sandstones, but burrowing and 
cross-stratification are present, and nonmarine aeolian 
facies are identified in southern Wisconsin (Dott ef al., 
1986). Although dominated by clean quartzarenite, ar- 
gillaceous sandstone and silty shale units occur within 
the main body of the St. Peter, and burrowed slightly 
argillaceous sandstones are present across much of the 
area. A silty shale to argillaceous siltstone unit occurs 
10 to 20 m above the base of the St. Peter type area 
of Minnesota (Thiel, 1935; Stauffer and Thiel, 1941; 
Olsen, 1976), and conodonts have been recovered 
from this unit (Text-fig. 3, Loc. SP). Thin siltstones 
and shales (generally green-gray) as well as sandy do- 
lomite beds are present locally within the Tonti Mem- 
ber of Illinois (Lamar, 1928), Wisconsin (Mai and 
Dott, 1985), and eastern lowa. Irregular surfaces and 
hardgrounds, some impregnated with pyrite and apatite 
crusts, exist at several positions within the Tonti inter- 
val of eastern Iowa and Minnesota (e.g., Text-fig. 3, 
Locs. SS, CC; Thiel, 1935, p. 606). Eastward into the 
Michigan Basin the St. Peter includes complex litho- 
facies characterized by stacked sequences of quartzose 
and quartzo-feldspathic sandstone, dolomite, and thin 
shale with minor anhydrite (Barnes ef al., 1992: Nadon 
et al., 2000). 

A relatively thin (1-3 m) interval of green-gray 
Glenwood Shale overlies the St. Peter in lowa and 
Minnesota. This feldspathic shale includes concentra- 
tions of skeletal and nonskeletal apatite (Schutter, 
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Text-figure 3.—Graphic lithologic sections of St. Peter-Glenwood strata showing position of productive conodont samples used for this 
study (solid circles). Datum is base of Platteville Formation. See Appendix for locality information and sample depths. Symbols as in Text- 
figure 1. Locality SP graphic shows composite lithologic section for St. Paul-Minneapolis area adapted from Olsen (1976), Sardeson (1896), 
and Thiel (1935). 
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1996), and argillaceous sandstones or siltstones may 
be present. Eastward into Wisconsin the Glenwood is 
represented by a thin interval variably displayed as a 
phosphatic green shale or an argillaceous bioturbated 
phosphatic sandstone (Fraser, 1976; Choi and Simo, 
1998). The Glenwood across northern [linois forms a 
thicker facies complex (to 45 m), including silty ar- 
gillaceous sandstone, dolomite, and green-gray phos- 
phatic shale. The Glenwood in the Michigan Basin (to 
80 m) is characterized by complex facies of sandstone, 
dolomite, and shale (Nadon er al., 2000). Shaley strata 
locally included in the upper Glenwood may be lateral 
facies equivalents of the lower Platteville Formation 
(Fraser, 1976; Sloan, 1972; Mossler, 1985). 

The eastern facies tract of the Glenwood Formation 
interfaces along its southern margin in Illinois and 
southeastern Iowa with the Starved Rock Sandstone 
(the “Re-Peter” of Agnew, 1955), an elongate body 
of marine sandstone. This fine- to coarse-grained, part- 
ly argillaceous sandstone reaches thicknesses up to 70 
m, and it intercalates with sandstones and shales of the 
Glenwood along its northern margin (Templeton and 
Willman, 1963; Nunn, 1986). The Glenwood Shale in- 
cludes facies of brown organic-rich shale near the mar- 
gins of the Starved Rock complex in southern Iowa 
and northward into portions of central and eastern 
Iowa. 

Southern Facies Tract 

Although outside the study area of this report, facies 
relationships within the Ancell Group south of the 
Starved Rock Sandstone body are described here be- 
cause these strata have yielded biostratigraphically sig- 
nificant conodont faunas that are comparable to St. Pe- 
ter—Glenwood faunas to the north (e.g., Branson and 
Mehl, 1933b; Youngquist and Cullison, 1946; An- 
drews, 1967; Rexroad et al., 1982; Klapper and Bergs- 
trom, 1984: Ethington ef al., 1986). Southward across 
eastern Missouri (Thompson, 1991), southern Illinois 
(Templeton and Willman, 1963), and Indiana (Droste 
et al., 1982), the Ancell Group (reaching thicknesses 
to 210 m) becomes dominated by carbonate facies of 
the Dutchtown and Joachim formations. The St. Peter 
Sandstone occupies the basal Ancell Group in this 
area, but the sandstone is replaced progressively south- 
ward by carbonate facies of the Dutchtown Formation. 
The St. Peter is fine- to medium-grained quartz sand- 
stone with minor interbeds of argillaceous sandstone, 
green-gray silty shale, and dolomite (Dapples, 1955; 
Thompson, 1991; Droste ef al., 1982). By contrast, the 
Dutchtown is dominated by dark argillaceous dolomite 
and limestone facies, sandy in part, with interbeds of 
green-gray and brown organic-rich shale. 

The upper Ancell Group is formed by the carbonate- 


dominated Joachim Formation, which merges with the 
southern margin of the Starved Rock Sandstone body. 
The dolomite and limestone lithologies are variably 
argillaceous, silty, sandy, or stromatolitic, and inter- 
beds of anhydrite and green-gray and brown to black 
organic shales occur in some intervals (Thompson, 
1991; Droste et al., 1982; Kolata and Noger, 1991). 
Regional lithofacies relationships north and south of 
the Starved Rock Sandstone suggest general strati- 
graphic equivalence of the Glenwood and Joachim for- 
mations. From its vertical and lateral stratigraphic re- 
lations, the Dutchtown Formation is likely a facies 
equivalent of some part of the St. Peter Sandstone in 
the northern facies tract. 
Western Facies Tract 

St. Peter and Glenwood strata across western lowa, 
eastern Nebraska, northwestern Missouri, and north- 
eastern Kansas form a distinctive but poorly known 
western facies tract of the Ancell Group (Text-fig. 2). 
This facies tract, which is restricted to the subsurface, 
was the primary focus of this study and the source of 
most of our St. Peter conodonts. It is distinguished by 
its higher argillaceous and phosphatic content and by 
occurrences of interbedded organic shale and oolitic 
ironstone. The western facies tract of the Ancell Group 
merges with the eastern facies tract across central 
Iowa, and lithostratigraphic equivalency is clearly ap- 
parent. The Ancell Group in the western facies tract is 
similar in thickness to that seen in eastern Lowa, gen- 
erally ranging between 15 and 30 m (locally thinner 
around the Southeast Nebraska Arch, 9-22 m; see 
Text-fig. 2). 

The western facies tract of St. Peter Sandstone is 
dominated by fine- to medium-grained sandstone sim- 
ilar to that seen in other regions, but in contrast with 
the eastern facies tract, it contains higher proportions 
of argillaceous sandstone and interbedded shale. Un- 
like the eastern facies, the western St. Peter includes 
medium to dark brown, locally black, organic-rich 
shale units, commonly with phosphatic clasts and py- 
rite cements (e.g., Locs. CQ, CT, OF). Oolitic phos- 
phorite, oolitic ironstone (goethite/hematite), or oolitic 
pyrite occur as scattered grains to discrete beds and 
are associated locally with organic shales. The organic 
shales commonly overlie pyrite- and apatite-impreg- 
nated sandstone hardgrounds, and coarse quartz grains 
are associated with some of these surfaces. Scattered 
burrows (including Chondrites) and silt to sand lami- 
nae are seen in the brown shale units. Gray and green- 
gray silty shale units, phosphatic to glauconitic in part, 
and siltstones also occur in the western St. Peter facies. 

The St. Peter sandstones commonly are burrowed. 
Horizontal burrows occur above the interbedded 


ST. PETER-GLENWOOD CONODONTS: WITZKE AND METZGER 61 


shales, but vertical (Skolithos) and U-shaped burrow 
forms occur in the upper parts of some sandstone units 
(e.g., units 5, 7, 12-13, Text-fig. 1). Planar and cross 
stratification is present in some sandstones. Occur- 
rences of oolitic ironstone are restricted to the western 
facies of the Ancell Group. Ironstone units (domi- 
nantly goethite ooids) occur at several different strati- 
graphic positions within the St. Peter Sandstone suc- 
cession, locally reaching thicknesses up to 2 to 4 m. 
Oolitic ironstones are present at localities in Kansas, 
eastern Nebraska, and western Iowa, and they are most 
abundant in the area of the Southeast Nebraska Arch 
(Leatherock, 1945; Witzke, 1980; Berendsen and 
Doveton, 1997). 

The Glenwood Shale can be recognized in the west- 
ern facies tract, although equivalent strata in Nebraska 
and northeast Kansas commonly are included within 
an expanded upper St. Peter Sandstone. These strata 
generally resemble the Glenwood Shale of the eastern 
facies tract and are dominated by relatively thin inter- 
vals of green-gray shale, phosphatic in part, or argil- 
laceous sandstone. However, minor brown organic-rich 
shale and oolitic ironstone units also occur. 

The western facies tract of the Ancell Group is re- 
placed southward into southern Kansas and Oklahoma 
by strata included within a portion of the Simpson 
Group. Informal lithostratigraphic subdivisions are ap- 
plied to this interval in southern Kansas, where the 
succession of sandstone, in part highly phosphatic to 
pyritic, green sandy shale, and dolomite (Doveton ef 
al., 1990), resembles the St. Peter-Platteville interval 
to the north. Although exact lithostratigraphic relation- 
ships are not known with certainty, most workers have 
correlated the St. Peter of northeast Kansas and the 
western facies tract with a portion of the McLish-Tulip 
Creek succession in Oklahoma (e.g., Dapples, 1955; 
Suhm, 1997; Sweet, 1992). 


FOSSILS OF THE ST. PETER— 
GLENWOOD INTERVAL 


Excluding bioturbation and the conodont microfau- 
na of the Glenwood, strata of the Ancell Group com- 
monly have been characterized as _ unfossiliferous 
across most of their extent. Nevertheless, a number of 
fossils have been identified within the eastern and 
western facies tracts during the course of this study, 
and previous workers have recognized fossils within 
St. Peter—Glenwood strata. Sardeson (1896) collected 
and described a mollusk-dominated marine inverte- 
brate fauna from the middle part of the St. Peter Sand- 
stone in Minnesota that includes a variety of bivalve 
and gastropod taxa as well as nautiloids, monoplaco- 
phorans, bryozoans, inarticulate brachiopods, and or- 
thid brachiopods (also see listing by Sloan, 1987). All 


carbonate shell material is dissolved, and Sardeson’s 
St. Peter macrofauna is preserved primarily as sand- 
stone molds. Bivalve molds have also been recognized 
in the lower St. Peter of southeastern Iowa (Loc. CC, 
Text-fig. 3). Residues from the St. Peter Sandstone in 
the western facies tract have produced, in addition to 
the conodonts, scattered to abundant scolecodonts and 
phosphatic inarticulate brachiopod shell material (see 
Tables 1, 2). Whole inarticulate shells have been iden- 
tified in some of the cores. Small phosphatized gastro- 
pod steinkerns, indeterminate phosphatic tubes, and 
ostracodes were also recovered from the St. Peter 
shales. 

Phosphatic tubercles and dermal plates from two St. 
Peter samples (Table 2) resemble vertebrate material 
known from other Ordovician localities (Elliot et al., 
1991). The most abundant sample (O-1977) yielded 
common nodose and tuberculated plates similar to 
those of astraspid heterostracans (Denison, 1967). 
Probable heterostracan material is also Known from the 
Glenwood Shale of the Upper Mississippi Valley area 
(Schutter, 1996), and *‘fragmental plates of fossil fish” 
have been found in phosphatic sandstones of the Simp- 
son Group in Kansas (Doveton et al., 1990, p. 11). 

The Glenwood Shale in both the eastern and western 
facies tracts has yielded a poorly preserved inverte- 
brate fauna. Bivalve molds and phosphatic steinkerns 
of gastropods are known (Schutter, 1996). Inarticulate 
brachiopod shell material and scolecodonts are com- 
mon in some conodont residues. Various dolomitized, 
phosphatized, or pyritized skeletal grains indicate an 
open-marine benthic fauna in the formation, including 
sponge spicules, echinoderm ossicles, bryozoans, ar- 
ticulate brachiopods (orthids, strophomenids, rhyncho- 
nellids), graptolites, conularids, ostracodes, and trilo- 
bite fragments (Stauffer, 1935; Schutter, 1996; this 
study). Bivalve molds occur in the Starved Rock Sand- 
stone of Iowa (Loc. CC, Text-fig. 3). Invertebrate car- 
bonate shells are dissolved or replaced in most St. Pe- 
ter—Glenwood facies, suggesting that calcium carbon- 
ate was unstable in the respective depositional and/or 
diagenetic environments. 


DEPOSITIONAL AND 
PALEOECOLOGIC INTERPRETATIONS 


PREVIOUS STUDIES 


Most previous interpretions have concluded that the 
St. Peter Sandstone is primarily a shallow-water ma- 
rine shelf sand, although aeolian facies are recognized 
in areas of southern Wisconsin (Dott et al., 1986). Var- 
ious workers have stressed nearshore, littoral, shore- 
face, peritidal, and/or aeolian sedimentary processes 
and environments to explain the transportation and ac- 
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cumulation of the mature quartz sands that typify the 
St. Peter. The main body of the St. Peter (Tonti Mem- 
ber) commonly has been interpreted as a “‘transgres- 
sive sheet sand” (Fraser, 1976), and Dapples (1955, p. 
466) envisioned *‘an unbroken series of individual 
shorelines integrated along the transgressing sea [to 
produce] a blanket or sheet-type sandstone.” In a sim- 
ilar manner, some have suggested that the St. Peter is 
a “composite” sandstone formed by stacked succes- 
sions of small-scale transgressive and regressive shal- 
low-shelf and shoreface deposits (Thiel, 1935; Sloss, 
1963; Mazzullo and Ehrlich, 1983), and that such os- 


cillations resulted in “spasmodic seaward dispersal of 


sand superimposed upon a background of continual 
transgression” (Dott er al., 1986, p. 365). Mazzullo 
and Ehrlich (1983, p. 117) recognized cyclic succes- 
sions marked by variations in grain shape attributed to 
aeolian and littoral sediment influx, and they suggested 
extremely slow rates of overall sediment accumulation 
for the St. Peter. 

Deposition of the Glenwood Shale has generally 
been attributed to renewed marine transgression 
marked by the accumulation of mud and sand in a 
variety of nearshore to offshore settings (Fraser, 1976; 
Choi and Simo, 1998). Peritidal carbonate facies are 
recognized in the Glenwood succession in its eastern 
extent, but the Glenwood is entirely characterized by 
marine facies in its western extent. Schutter (1996) 
interpreted the Glenwood Shale of Iowa and Minne- 
sota to be a condensed section reflected, in part, by 
high concentrations of conodonts and nonskeletal 
phosphate. Lateral stratigraphic equivalency of the 
Glenwood in that area (1-3 m thick) with the dramat- 
ically thicker Starved Rock Sandstone (to 70 m) to the 
south underscores the relative condensation of the 
Glenwood Shale. The Starved Rock body has been 
interpreted as an offshore ““marine bar complex” 
(Nunn, 1986) or a “lowstand shoreline complex” 
(Schutter, 1996, p. 62). 


ANCELL GROUP PALEOECOLOGIC AND DEPOSITIONAL 
INTERPRETATIONS FOR STUDY AREA 


The recognition that the St. Peter Sandstone in- 
cludes conodont-rich organic and phosphatic brown to 
black shale units, phosphorites, and ironstones in the 
western facies tract necessitates a re-evaluation of pre- 
viously proposed depositional interpretations. In par- 
ticular, the extremely high abundances of conodonts in 
some of the brown shales (up to 66,000 conodonts per 
kilogram) strongly suggest that these shales represent 
condensed marine intervals. Watney ef al. (1997, pp. 
267-8) identified “laterally extensive organic-rich, py- 
ritic’’ shale units in the St. Peter Sandstone of north- 
east Kansas that they “interpreted to be condensed 


sections” deposited in “‘deeper, anoxic-marine, sedi- 
ment starved” environments. 

The paucity of benthic fauna and the preservation 
of abundant organic matter and pyrite in these con- 
densed shale units suggests that inhospitable dysoxic 
to anoxic benthic environments were present at least 
episodically during St. Peter deposition. Relatively 
high conodont diversity (>10 species) in these shale 
units is evidence that some portion of the water col- 
umn was capable of supporting a marine fauna. While 
it is possible that some Ordovician conodont taxa had 
a nektobenthic life habit (Barnes and Fahrzeus, 1975), 
their occurrence in dysoxic-anoxic benthic facies 
seems more consistent with a pelagic mode of life for 
most of the St. Peter conodont taxa. It is likely that a 
stratified water column, marked by an oxygenated sur- 
face layer and a dysoxic to anoxic bottom layer, char- 
acterized areas of the Midcontinent shelf during por- 
tions of St. Peter deposition (a quasi-estuarine epicon- 
tinental circulation system described by Witzke, 1987). 

Oolitic ironstones, phosphorites, and phosphatic 
lags in the St. Peter succession also are interpreted to 
mark episodes of sediment condensation or starvation. 
Some sedimentologists consider ironstone and phos- 
phorite occurrences to be products of condensed sed- 
imentation during periods of reduced sediment influx 
associated with marine transgression (e.g., Brett et al., 
1998; Van Houten, 2000; Witzke and Bunker, 1996). 
Starved transgressive surfaces punctuate the sandstone 
succession, represented in places by pyrite- and apa- 
tite-impregnated hardgrounds. Pyrite encrustations and 
ooidal pyrite further indicate that dysoxic to anoxic 
conditions were present at least episodically during St. 
Peter deposition. 

The St. Peter—-Glenwood interval in the western fa- 
cies tract is characterized by a stacked succession of 
depositional cycles. Depending on their duration and 
geographic extent, such cycles may represent parase- 
quence- or sequence-scale depositional packages. Each 
cycle is marked by a condensed shale unit at its base, 
which commonly overlies a pyritic hardground sur- 
face. The most densely sampled condensed shale in- 
terval (Loc. CQ; Text-fig. 1, units 8-9) shows a pro- 
gressive upward decrease in relative condensation re- 
flected by declining conodont abundances (from 
22,400 conodonts/kg at the base to 275 conodonts/kg 
at the top; see Table 1). Scattered ironstone ooids occur 
in some of the condensed shales (e.g., CQ 762). The 
condensed shale unit grades upward into a thicker 
sandstone interval in the upper part of each cycle. 
Many sandstone units display an upward increase in 
bioturbation and vertical burrowing, indicating as an 
upward-shallowing succession with increasing oxy- 
genation. Recurring cyclic patterns of condensed shale 
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Text-figure 4.—Proposed stratigraphic correlations of St. Peter through Platteville succession in four core sections, northeast Kansas to 
eastern Iowa (localities given in Appendix and shown on Text-fig. 2). Relationships dashed where uncertain. Platteville Formation comprises 
the Pecatonica and McGregor members (thinned and condensed in western Iowa). Carimona Member and Spechts Ferry Shale are included 


in the lower Decorah Formation: position of the widespread Deicke K-be 


ntonite is shown. Symbols as in Text-figure 1. Additional symbols: 


V (vuggy), ¢ (coarse sand), h (horizontal laminae), c/k (conodonts per kilogram), ) (echinderm debris), # (bryozoans). 


and sandstone deposition are displayed in the CQ core 
(Text-fig. 1; units 3-4, 4-6, 7, 8-10, 11-13). Similar 
and possibly correlative cyclic units are present 
throughout the western facies tract (Text-figs. 3, 4). 
Although information is insufficient to demonstrate 
unequivocal stratigraphic relationships, some of the 
condensed shale units in the western facies tract prob- 


ably correlate to pyritic hardground surfaces within the 
sandstone-dominated succession of eastern Iowa (hy- 
pothetical correlations shown on Text-fig. 4). We be- 
lieve such surfaces mark widespread sediment star- 
vation across the eastern shelf corresponding to epi- 
sodes of regional transgression and eustatic deepening. 
Similarly, the deepening-shallowing sandstone cycles 
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recognized in the St. Peter of Minnesota (Mazzullo and 
Ehrlich, 1983) may correlate with shale-sandstone cy- 
cles of the western facies tract. 

Condensed brown shale units with high conodont 
abundances have not been recognized within the upper 
St. Peter interval in the western facies tract, and chang- 
ing patterns of regional sedimentation are proposed, 
marked by higher rates of sediment accumulation, 
overall shallower depositional conditions, and less pro- 
nounced cyclicity. The upper St. Peter is variably dom- 
inated by silty shale or massive sandstone, cross-strat- 
ified in part. Although less well developed than in the 
lower St. Peter, episodes of sediment condensation are 
indicated by phosphate-enriched horizons and oolitic 
ironstones in the upper St. Peter. A significant regional 
transgression is interpreted for the deposition of the 
overlying Glenwood Shale, which we consider to be a 
widespread condensed interval, characterized by high 
conodont abundances and phosphatic enrichment 
across a broad region. Organic brown shale facies are 
associated locally with the Glenwood interval, sug- 
gesting bottom dysoxia or anoxia in areas of the trans- 
gressing sea. Following Glenwood transgression, 
which onlapped siliciclastic source areas, regional de- 
position of subtidal carbonate facies (Platteville For- 
mation) ensued. Compared to eastern and southern fa- 
cles tracts, the Platteville Formation significantly thins 
to the west (Text-fig. 4) where it is interpreted to be, 
in part, a condensed interval. 


DEPOSITIONAL SUMMARY 


The recognition of condensed sedimentary units in 
the St. Peter Sandstone of the western facies tract ob- 
viates conventional interpretations of the formation as 
simply a composite product of littoral and nearshore 
sedimentation forming a broadly diachronous trans- 
gressive sheet sand. St. Peter depositional models must 
also accommodate organic-rich marine shale, iron- 
stone, and phosphatic-pyritic deposition within the 
succession. Sediment accumulation became highly at- 
tenuated at times across areas of the cratonic shelf, 
probably during transgressive sea-level events. Organ- 
ic, phosphatic, and pyritic deposition is interpreted to 
have occurred during such deepening episodes within 
a stratified dysoxic or anoxic water mass under general 
quasi-estuarine circulation (Witzke, 1987). The general 
absence of carbonate material in the Ancell Group 
across vast areas of the central Midcontinent suggests 
episodic calcite undersaturation within the stratified 
water mass (Witzke, 2001). High proportions of ju- 
venile or immature conodont elements are character- 
istic of some of the condensed shales. Witzke (2001) 
proposed that fluctuations and sporadic overturn of the 
pycnocline may have triggered bioevents within the 


seaway, resulting in high juvenile and adult mortality 
of the pelagic conodont faunas. 

The St. Peter sandstone units of the western facies 
tract (and likely the eastern tract as well) probably ac- 
cumulated as the seaway shallowed and sandy sedi- 
ments were transported across the shelf. Regional shal- 
lowing broke down seaway stratification, enabling ox- 
ygenated benthic environments to become widespread. 
Multiple transgressions and regressions of the St. Peter 
seaway resulted in a complex stack of depositional cy- 
cles in the eastern and western facies tracts, as pro- 
posed by previous workers. The extreme sediment 
condensation proposed for the organic conodont-rich 
shales of the western facies tract suggests that depo- 
sition of the St. Peter Sandstone was a geologically 
slow process in the cratonic sea. This interpretation 
echoes the earlier suggestions of Mazzullo and Ehrlich 
(1983, p. 117) that St. Peter sands accumulated at ex- 
tremely slow rates. Interpretations of the western fa- 
cies tract have necessitated a re-evaluation of regional 
models of St. Peter deposition to incorporate ideas of 
episodic sediment condensation and starvation. 


BIOSTRATIGRAPHIC INTERPRETATIONS OF 
THE ST. PETER CONODONTS 


PREVIOUS CORRELATIONS AND AGE INTERPRETATIONS 
OF THE ST. PETER SANDSTONE 


Because the St. Peter Sandstone overlies a major 
cratonic megasequence boundary (the Sauk-Tippeca- 
noe boundary of Sloss, 1963) across most of its extent 
and because of the general absence of biostratigraph- 
ically useful faunas from the sandstone lithologies, the 
age of the formation has been difficult to resolve. Rich 
conodont faunas recovered from the overlying Glen- 
wood Shale in the Upper Mississippi Valley area in- 
dicated a Mohawkian age for that unit (Stauffer, 1935, 
p. 131), thereby constraining the age at the top of the 
St. Peter Sandstone. Various authors have proposed 
correlations and age relationships of the St. Peter 
Sandstone based primarily on extrapolated regional 
lithostratigraphic inferences. Sardeson (1896, p. 83) 
was the first to propose a specific correlation: ““The 
Saint Peter thus remains to be correlated with the Cha- 
zy, [but] this correlation cannot be said to be undoubt- 
edly established.”” Many subsequent workers followed 
suit in considering the St. Peter to be primarily of Cha- 
zyan age (e.g., Stauffer and Thiel, 1941; Dapples, 
1955; Agnew, 1955). Dapples (1955) and Suhm 
(1997) proposed correlation of the St. Peter Sandstone 
with the McLish and Tulip Creek formations of 
Oklahoma of presumed “late Chazy” age. However, 
other stratigraphers suggested that the St. Peter was 
primarily of Blackriveran age (e.g., Templeton and 
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Willman, 1963; Thompson, 1991). Sweet and Bergs- 
trém (1976) considered the St. Peter-Glenwood inter- 
val in the lowa-Minnesota area to be primarily of 
Blackriveran age (uppermost Chazyan locally at base). 
but the St. Peter of Missouri-Arkansas was shown to 
be an older unit of Chazyan age. 

A graphic correlation of conodont faunas from the 
Upper Mississippi Valley Ordovician succession pro- 
posed by Sweet (1984, 1987) extrapolates a line of 
correlation which projects the St. Peter Sandstone 
within the Belodina compressa and possibly the up- 
permost Plectodina aculeata chronozones (1.e., middle 
to late Blackriveran) on his constructed Composite 
Standard Section. Sweet (1987) considered the over- 
lying Glenwood Shale at St. Paul and in northeast 
Iowa to he within the Phragmodus undatus chrono- 
zone (of latest Blackriveran to earliest “Trentonian” 
age). Straight-line graphic extrapolations require rela- 
tively constant rates of sediment accumulation for the 
duration of the section under consideration, and the 
possibility of condensed sedimentation for portions of 
the St. Peter-—Glenwood interval could modify such 
correlations. However, Sweet (1987, p. 168) suggested 
that the Glenwood Shale *“*may have accumulated rath- 
er rapidly relative to those that represent the same in- 
terval of time in the standard reference section in Ken- 
tucky.” 


PREVIOUS CORRELATIONS OF ST. PETER 
CONODONT FAUNAS 


Clark and Miller (1971) and Grether and Clark 
(1980) recovered conodonts from the basal St. Peter, 
Readstown Member, but these are all reworked forms 
derived from underlying strata of the Lower Ordovi- 
cian Prairie du Chien Group. The first non-reworked 
conodonts reported from the St. Peter Sandstone were 
recovered in Minnesota (Loc. SP) and western Iowa 
(Loc. CQ), and Witzke (1980, p. 5) listed form and 
multielement taxa (including Phragmodus flexuosus) 
from these localities suggestive of a “late Chazyan” 
correlation. Witzke (1992) subsequently expanded the 
listing of St. Peter conodonts from these localities as 
well as localities in Nebraska and Kansas, and reported 
occurrences of P. flexuosus, Cahabagnathus, Eopla- 
cognathus, Erraticodon cf. balticus, ?Leptochirogna- 
thus, and other forms. He suggested similarities with 
upper Simpson and Dutchtown faunas and proposed a 
“late Chazyan—early Blackriveran” age for the cono- 
dont faunas of the St. Peter Sandstone. Witzke’s sug- 
gested correlations were disputed by subsequent work- 
ers. Ethington eft al. (1986, p. 10) wrote: **Witzke 
[1980] interpreted the St. Peter conodonts to be indic- 
ative of Chazyan age, although the genera he listed 
were not characteristic of Chazyan faunas elsewhere.” 


Barnes et al. (1996, p. 48) further indicated that “‘some 
of the faunal elements identified by Witzke (1992) ap- 
pear to be late Paleozoic contaminants.”” In both cases, 
the taxa in question were not identified. 

Rexroad er al. (1982) recovered elements of of sev- 
en species of conodonts from the St. Peter Sandstone 
in southwestern Indiana. They correlated this fauna 
with the Dutchtown Formation of Chazyan age. Shaw 
(1990) later recovered conodonts from the St. Peter 
Sandstone (basal Tonti Member) of northern Illinois 
(LaSalle Co.), including Coleodus sp., Lumidens vi- 
treus, and Scapulidens primus. The latter two species 
Were previously known only from the Dutchtown For- 
mation of Indiana (see Ethington er al., 1986), and a 
“late Whiterockian [Chazyan] or early Mohawkian 
age” was tentatively proposed for the St. Peter (Shaw, 
1990). 

Sweet (1992) reported a succession of Ordovician 
conodont faunas from the subsurface of Kansas, al- 
though only informal lithostratigraphic labels were 
used to describe the stratigraphic succession. “‘Sub- 
surface Unit A” yielded a conodont fauna that included 
Phragmodus ambiguus (= P. flexuosus morphotype 
B), Cahabagnathus friendsvillensis, Erraticodon ct. 
balticus, and others. He correlated *“‘Subsurface Unit 
A” with the Mclish Formation of Oklahoma and in- 
dicated a late Whiterockian (Chazyan) age. The Kan- 
sas Geological Survey assigned this stratigraphic in- 
terval at one of Sweet’s subsurface localities (Loc. CT 
of this report) to the St. Peter Sandstone (see Watney 
et al., 1997). However, Sweet (1992, p. 187) consid- 
ered this interval to be considerably older than any 
portion of the St. Peter Sandstone of southeast Min- 
nesota. 

Additional conodont collections have been noted 
from the subsurface St. Peter Sandstone of the Mich- 
igan Basin, where the formation reaches considerably 
greater thicknesses than elsewhere in the Midconti- 
onent (up to 350 m; Barnes er al., 1992; Nadon ef al., 
2000). Bergstr6m er al. (1994) identified “Archeog- 
nathus and Multioistodus faunas” as well as occur- 
rences of Leptochirognathus and Paraprioniodus from 
the St. Peter of the Michigan Basin: they recognized 
a “diversity of Mohawkian assemblages in the [over- 
lying] Glenwood Fm.” Barnes ef al. (1996) reported 
occurrences of Archeognathus spp., Multioistodus 
spp.. Coleodus spp., and Erismodus spp. from the up- 
per St. Peter in Michigan, and they noted Phragmodus 


flexuosus (morphotype A) from the Glenwood. They 


indicated a “‘medial to late Whiterockian age” for the 
Michigan St. Peter which they regarded as “older than 
the bulk of the St. Peter of the Upper Mississippi Val- 
ley”’ where the formation “‘appears to be, in part, Mo- 
hawkian in age” (Barnes ef al., 1996, p. 49). 
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BIOSTRATIGRAPHIC RELATIONS OF ST. PETER— 
GLENWOOD CONODONT FAUNAS 


The collections of conodonts from the St. Peter and 
Glenwood recovered for this study include forms of 
potential biostratigraphic significance. The abundance 
of Phragmodus flexuosus trom the lower and middle 
St. Peter in the CQ core is important, as this species 
was considered to be restricted to the Chazyan (upper 
Whiterockian) by Klapper and others (1981, p. 256) 
and Sweet and Bergstrom (1976). The North American 
Composite Standard Section later constructed by 
Sweet (1984) extended the range upward from the 
Chazyan into the basal Mohawkian (lower Blackriv- 
eran), overlapping with the lower range of P. inflexus 
in its upper part (see also Leslie and Bergstrém, 1995; 
Bauer, 1994). Occurrences of P. cf. ambiguus in the 
St. Peter of Nebraska and Kansas is consistent with a 
similar age range, as P. ambiguus is known only from 
Chazyan and basal Blackriveran strata (Bauer, 1994; 
highest occurrences overlap slightly with the lowest 
Eoplacognathus elongatus in the lower Bromide Fm.). 

Occurrences of Cahabagnathus in the St. Peter of 
Iowa and Kansas are of particular importance, even 
though the small to fragmentary aspect of our speci- 
mens does not permit a clear species-level classifica- 
tion. Cahabagnathus is primarily a Chazyan genus 
(Sweet, 1984), but a late form (C. carnesi) apparently 
extends into the lowermost Blackriveran (Bergstr6m 
and Carnes, 1976; Bergstr6m, 1983). The presence of 
a continuous denticle row on the stelliplanate element 
joining anterior and posterior processes on the St. Peter 
specimens precludes assignment of these forms to late 
species of Cahabagnathus that show a denticle gap 
between the processes (i.e., C. sweeti, C. carnesi). This 
indicates a pre-C. sweeti Zone age and supports cor- 
relation within some portion of the C. friendsvillensis 
Zone (see zonal subdivisions of Sweet, 1984). The St. 
Peter specimens most closely resemble C. directus 
(from the McLish) and C. friendsvillensis. Sweet 
(1992) previously reported C. friendsvillensis from the 
same Kansas core (Loc. CT) used in this report. The 
occurrences of Cahabagnathus in the lower St. Peter 
obviate a Blackriveran age and are most consistent 
with an early to middle Chazyan (C. friendsvillensis 
Zone) correlation (or a late Llanvirnian age in the Brit- 
ish Series; see Bergstr6m, 1983; Webby, 1998). Frag- 
mentary elements of Eoplacognathus from the St. Pe- 
ter of lowa and Kansas are not identifiable at the spe- 
cies level, but the preserved material is similar to E. 
foliaceus and E. reclinatus (see Systematic discus- 
sion). If this evaluation is correct, these forms likely 
pre-date E. elongatus and would support a Chazyan 
correlation. 


Leptochirognathus is restricted to the upper White- 
rockian (Sweet, 1984), supporting a Chazyan age for 
the shale interval within the St. Peter Sandstone at St. 
Paul, Minnesota (Loc. SP). Erraticodon sp. 1s a locally 
common conodont in the St. Peter, and the genus is 
not known to occur above the Whiterockian. However, 
the species represented in the St. Peter is more derived 
than other described Erraticodon species (reduction or 
loss of lateral or posterior processes), and any bio- 
stratigraphic significance remains to be demonstrated. 
Occurrences of diverse assemblages of other hyaline 
conodont taxa in the St. Peter collections are generally 
consistent with a Chazyan and/or Blackriveran age, but 
the biostratigraphic ranges of many of these taxa re- 
main uncertain. The lower St. Peter has yielded an 
Erismodus species resembling E. arbucklensis (a spe- 
cies not known to range above the Chazyan; Bauer, 
1987, 1994). Indeterminate Genus and species B from 
the St. Peter of Iowa may represent a late surviving 
form within the serrate Histiodella clade, possibly sup- 
porting a Whiterockian age. However, the phylogenet- 
ic identity of this taxon remains unclear, and any bio- 
stratigraphic inferences are tentative. Although serrate 
Histiodella are most characteristic of mid-Whiterock- 
ian associations (Sweet, 1984), serrate forms are noted 
to locally overlap with the range of P. flexuosus (Har- 
ris et al., 1979; Moskalenko, 1973). An upward range 
extension of such forms into the Chazyan is postulated 
consistent with the composited range of serrate His- 
tiodella (H. serrata) reported by Sweet (1995). 

The preponderance of biostratigraphic evidence in- 
dicates a Chazyan age for the lower to middle St. Peter 
succession even in the paleogeographically most 
shoreward areas of St. Peter deposition bordering the 
Transcontinental Arch (e.g., Locs. CQ, SP). Broad- 
scale regional diachroneity of the lower St. Peter can- 
not be demonstrated with the available biostratigraphic 
control. In general, the lower St. Peter faunas share 
similarities with associations reported from the Dutch- 
town Formation of Missouri (Klapper and Bergstr6m, 
1984, p. 954; Youngquist and Cullison, 1946) and 
McLish Formation of Oklahoma (Bauer, 1987). How- 
ever, the upper part of the St. Peter Sandstone has pro- 
duced sparse conodont collections of limited biostrati- 
graphic significance, and the correlation of this inter- 
val remains uncertain. The stratigraphic position of 
these strata above Chazyan faunas and below the Glen- 
wood Shale (interpreted to be of Blackriveran age) 
suggests a late Chazyan or early Blackriveran age for 
the upper St. Peter. 

The conodont faunas of the overlying Glenwood 
Shale were initially interpreted by Stauffer (1935, p. 
131) to be of Mohawkian age. Sweet (1984, 1987) 
constructed a graphic correlation that incorporated 
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Glenwood Shale conodont collections from southeast 
Minnesota (data of Webers, 1966) and northeast lowa. 
The positions of the Glenwood faunas were plotted 
against his Composite Standard Section (CSS) result- 
ing in a graphic correlation of the Glenwood Shale 
with a relatively short interval on the CSS. Sweet’s 
(1984, 1987) correlations proposed that the Glenwood 
Shale in the Upper Mississippi Valley is primarily of 
post-Blackriveran age corresponding to the lower part 
of the Phragmodus undatus Zone (and locally into the 
highest part of the Belodina compressa Zone). The 
overlying Platteville Formation was included as a post- 
Blackriveran unit within the P. undatus Zone. Sweet 
(1987, p. 168) discussed plotting anomalies for north- 
east lowa between the K-bentonites (higher in the suc- 
cession) and the “line of correlation” defined by the 
first- and last-occurrence positions of certain conodont 
taxa. If the Glenwood is a condensed section as pro- 
posed by Schutter (1996), a straight-line graphic ex- 
trapolation through the St. Peter-Glenwood may sig- 
nificantly underestimate the duration of that interval. 
The presence of the Deicke K-bentonite higher in the 
succession firmly constrains an upper age limit of the 
St. Peter and Glenwood faunas of lowa and Minnesota 
(Kolata et al., 1986). 

The well-known invertebrate faunas of the overlying 
Platteville Formation (sub-Carimona Member) in the 
Upper Mississippi Valley have been interpreted con- 
sistently to be of Blackriveran age (e.g., Cooper, 1956; 
Kolata, 1975; DeMott er al., 1987). If these correla- 
tions are correct, the underlying Glenwood Shale must 
also be no younger than Blackriveran. However, a 
Blackriveran age for the Glenwood-Platteville interval 
is at odds with the correlations of Sweet (1984, 1987). 
It is unclear if the modified base of the Mohawkian 
noted for Sweet’s (1995) CSS changes the earlier 
Glenwood-Platteville correlations, as the composite 
ranges for some Glenwood-Platteville taxa (Polypla- 
cognathus ramosus, Phragmodus inflexus) have been 
modified from that given in earlier versions. The rang- 
es of certain Glenwood-Platteville taxa given for 
Sweet’s (1984, 1987) CSS indicate first appearances at 
or above the highest Blackriveran (including Phrag- 
modus cognitus, Polyplacognathus ramosus, Scy- 
phiodus primus, Chirognathus duodactylus, Bryanto- 
dina typicalis). However, some of these taxa are 
known to co-occur with Blackriveran and Chazyan 
faunas elsewhere, and significant range modifications 
are suggested. Scyphiodus and P. ramosus co-occur 
with Appalachignathus delicatulus and other Blackriv- 
eran taxa in the Mackenzie Mountains (Tipnis ef al., 
1979, p. 58), Scyphiodus primus co-occurs with 
Phragmodus flexuosus and Cahabagnathus friendsvil- 
lensis in Chazyan strata of Kansas (Sweet, 1982, p. 


1045), and Chirognathus duodactylus co-occurs with 
Cahabagnathus sweeti in Oklahoma (Bauer, 1994). We 
recommend that the Glenwood and Platteville cono- 
dont faunas of the Upper Mississippi Valley be re- 
correlated to accommodate Blackriveran ranges in the 
Ordovician CSS. Further study is needed to resolve the 
apparent discrepencies between the Blackriveran age 
indicated by the Platteville invertebrate fauna and the 
Glenwood-Platteville correlations of Sweet (1984, 
1987). 

Our present interpretation is that the Glenwood 
Shale in lowa, Minnesota, and Nebraska is a relatively 
condensed unit of Blackriveran age. Polyplacognathus 
ramosus and Belodina compressa were identified from 
the Glenwood Shale by Stauffer (1935), Webers 
(1966), and Sweet (1987). These species were not rec- 
ognized in any of the Glenwood collections used for 
this study nor in the Washington Avenue (Minneapo- 
lis) Glenwood collections of Webers (1966) and Stauf- 
fer (1935), but they are common in overlying Platte- 
ville strata. Strata included in the upper Glenwood 
Shale in parts of Minnesota are considered to be lateral 
lithofacies equivalents of lower Platteville strata else- 
where (Sloan, 1972; Mossler, 1985). Therefore, it is 
likely that some of the Minnesota Glenwood conodont 
collections may include samples that post-date the 
Glenwood Shale succession in sections across most of 
Iowa and the Twin Cities area of Minnesota. Further 
study of the lithostratigraphic relations of Glenwood 
strata in Minnesota is needed, but two separate litho- 
stratigraphic units may be inadvertently lumped to- 
gether under this label (7.e., a lower “*true Glenwood” 
and an upper shale unit correlative with the lower 
Platteville). 


SYSTEMATIC PALEONTOLOGY 
INTRODUCTION 


A full systematic paleontologic treatment of the St. 
Peter—Glenwood conodont faunas is not presented in 
this report for several reasons. First, the conodont col- 
lections are dominated by a few well-known taxa 
whose classification, diagnoses, descriptions, synony- 
mies, and occurrences are well established in the lit- 
erature (e.g., Phragmodus flexuosus, P. cognitus, Dre- 
panoistodus erectus). Second, many of the rarer taxa 
are represented in the collections by fragmentary or 
problematic materials that are not well suited for for- 
mal systematic treatment. Additional specimens and 
further study are deemed necessary to resolve the spe- 
cies-level (and in some cases genus-level) taxonomic 
placement of these taxa. Finally, certain taxa, some 
abundantly represented in the collections, display a 
broad range of morphologic variation that has proven 
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difficult to constrain in a clear systematic manner with- 
out additional study. Further study may clarify the spe- 
cies-level taxonomy of forms left in indeterminate sta- 
tus (open nomenclature) for this report, especially el- 
ements assigned to the genera Erismodus, Erraticodon, 
and Curtognathus. 

All conodont collections are permanently reposited 
in the Paleontology Repository, Department of Geo- 
science, University of lowa (lowa City, Iowa). Illus- 
trated specimens and selected reference materials are 
assigned catalog numbers (SUI prefix). Terminology 
and element locational notation largely follow Sweet 
(1981, 1988). 


Order PROTOPANDERODONTIDA Sweet, 1988 


Family PROTOPANDERODONTIDAE 
Lindstr6m, 1970 


Genus ONEOTODUS Lindstrém, 1955 


Oneotodus? ovatus (Stauffer, 1935) 
Plate 4, figure 5 


Discussion.—Distictive small coniform elements 
with albid cusps and an expanded flat sub-circular hy- 
aline base are assigned to Oneotodus? ovatus. This 
species is scattered in samples from the St. Peter Sand- 
stone (Locs. CQ, SP, OF CT) and Glenwood Shale 
(Locs. CQ, GN, DL, SS; see also Stauffer, 1935; We- 
bers, 1966). Bauer (1987, p. 23) questioned the generic 
assignment of this species, as the flat base does not 
conform with the diagnosis of Oneotodus given by 
Ethington and Brand (1981). 


Genus PSEUDOONEOTODUS Drygant, 1974 
Pseudooneotodus species 


Discussion.—A few specimens from the Glenwood 
Shale of Iowa (GN, J-1021) are squat conical forms 
with a pointed apical denticle (centrally to posteriorly 
located), thin walls, an oval basal outline, and a broad- 
ly excavated base. These specimens (SUI 99484, 
99485) are assigned to an indeterminate species of 
Pseudooneotodus (similar to P. cf. beckmanni of Les- 
lie, 2000). Squat conical elements from other Ordo- 
Vician units include Lepodus minutus Branson and 
Mehl, 1933a, L. sp. Webers, 1966, and Ambalodus mi- 
tratus Moskalenko, 1973 (= P. mitratus, see Leslie, 
2000), but these forms all differ from the Iowa spec- 
imens in possessing lobate to triangular basal outlines. 

Genus STAUFFERELLA Sweet, Thompson, and 

Satterfield, 1975 
Staufferella cf. S. faleata (Stauffer, 1935) 
Plate 4, figure 10 

Discussion.—A few fragmentary symmetrical (Sa) 

elements from the Glenwood Shale of Iowa are as- 


signed to Staufferella sp. cf. S. falcata (type S. falcata 
from the Glenwood Shale of Minnesota, Stauffer, 
1935). Symmetrical specimens from the St. Peter 
Sandstone (C-3387, CQ-776.7) possess lateral costae 
that are slightly narrower and not basally alate as in 
S. falcata. It is unclear if a posterior groove or keel is 
present, as the posterior faces are broken on these 
specimens. An unassigned species of Staufferella from 
the McLish and Tulip Creek formations of Oklahoma 
(Bauer, 1987) is more narrowly tapered at the tip. 


Family DREPANOISTODONTIDAE Fahraeus and 
Nowlan, 1978 


Genus DREPANOISTODUS Lindstr6m, 1971 


Drepanoistodus suberectus (Branson and Mehl, 
1933b) 
Plate 4, figures 1, 2, 6, 7 


Discussion.—Coniform elements assigned to Dre- 
panoistodus suberectus are scattered to common in 
samples from the St. Peter and Glenwood formations 
in the study area. The skeletal apparatus of this well- 
known and widespread Ordovician species includes 
several types of coniform elements (Bergstr6m and 
Sweet, 1966; Sweet, 1988; Bauer, 1987), and the St. 
Peter—Glenwood specimens are largely indistinguish- 
able from previously published descriptions of the spe- 
cies. However, a few specimens of geniculate coniform 
elements (e.g., Pl. 4, fig. 2) from the lowermost sample 
in the CQ core (CQ-776.7) display a smaller cusp an- 
gle than generally seen for D. suberectus, and these 
bear some resemblance to D. angulensis (see descrip- 
tion by Bauer, 1987, p. 16). 


Indeterminate ?drepanoistodontid species 


Discussion.—A collection of small hyaline non-ge- 
niculate coniform elements with recurved cusps from 
the lower St. Peter Sandstone (CQ-775.7) resemble 
Drepanoistodus in general mophology. However, these 
forms possess deep flaring subcircular basal cavities of 
notably larger proportions than seen in typical Dre- 
panoistodus. In addition, the basal cavity extends up- 
ward from one-third to over one-half the length of the 
cusp. These forms likely represent a previously un- 
described taxon, possibly a drepanoistodontid. 


Order PANDERODONTIDA Sweet, 1988 
Family PANDERODONTIDAE Lindstrém, 1970 
Genus PANDERODUS Ethington, 1959 


Panderodus species 
Plate 4, figure 4 


Discussion.—Recurved coniform elements bearing 
a longitudinal furrow from the Glenwood Shale of 
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eastern Iowa (Loc. GN) and equivalent strata in eastern 
Nebraska (Loc. SM) are identified as Panderodus sp. 


Order PRIONIODONTIDA Dzik, 1976 
Family OISTODONTIDAE? Lindstr6m, 1970 
Genus OISTODUS Pander, 1856 
Oistodus? venustus Stauffer, 1935 


Discussion.—Rare squat geniculate coniform ele- 
ments from the Glenwood Shale in the CQ core (SUI 
99486) are identical to the form species Oistodus ven- 
ustus described from the Glenwood Shale of Minne- 
sota by Stauffer (1935) and Webers (1966). The ge- 
neric assignment is queried following Bauer (1994, p. 
363). This form species may be associated with the 
apparatus of one or more species of Dapsilodus (ibid.) 
or some other taxon (Bergstr6m and Sweet, 1966), but 
no Dapsilodus or other species association has been 
recognized in the Iowa samples. 


Indeterminate Genus and species B 
Plate 1, figure 2; Text-figure 5 


Discussion.—A single broken denticulated blade 
from the lower St. Peter Sandstone of western Iowa 
(CQ-762) does not resemble any other conodont re- 
covered from the formation. The specimen is albid 
(hyaline base) and bears eight subequal erect to slight- 
ly reclined denticles that are fused for half or more of 
their length. The blade is thin and possesses a narrow 
basal trough that runs the length of the specimen. The 
denticles and upper part of the blade are marked by 
numerous fine microstriations (Text-fig. 5). The overall 
morphologic details of this specimen most closely re- 
semble those described for some species included in 
the genus Histiodella (see McHargue, 1982), including 
the thin blade-shaped form, the narrow basal trough, 
and the finely striated aspect of the upper margins. 
Although differences are noted in the denticulation and 
basal margin, the St. Peter specimen shares many mor- 
phologic features in common with the anterior process 
of the “bladelike element” of H. holodentata Ething- 
ton and Clark, 1981, and the late-stage “‘denticulate 
morphotype” of Histiodella (McHargue, 1982). The 
broken aspect of the single St. Peter specimen and the 
relatively late stratigraphic occurrence of this form 
make assignment to Histiodella ill advised at present, 
and it is left in indeterminate status for this report. For 
the most part, Histiodella is not known to co-occur 
with Phragmodus flexuosus 1n most stratigraphic sec- 
tions. However, serrate Histiodella are noted by Harris 
et al. (1979, p. 13, figs. 4, 17) to overlap with the range 
of P. flexuosus in the upper Antelope Valley Limestone 
in the Monitor Range of Nevada. Moskalenko (1973) 
also reported the co-occurrence of P. flexuosus and an 


undescribed species of Histiodella in Siberia. A single 
specimen of a serrate Histiodella (H. n. sp. 2, Harris 
et al., 1979) was noted from the lower McLish For- 
mation of Oklahoma, although Bauer (1987, p. 9) con- 
sidered the conodonts from that interval to be re- 
worked. Sweet (1995) revised the composited range of 
Histiodella to extend well into the Chazyan (overlap- 
ping with the ranges of P. flexwosus and Cahabagna- 
thus friendsvillensis). It is proposed that the St. Peter 
specimen may represent a late surviving member with- 
in the serrate Histiodella clade. 


Family BALOGNATHIDAE? Hass, 1959 
Indeterminate balognathid? species 


Discussion.—A small indeterminate pastinate ele- 
ment from the Glenwood Shale (CQ-721) displays a 
Y-shaped finely denticulated upper margin All pro- 
cesses are thin (same width as the denticles). The 
slightly curved lateral process is subequal in length to 
the anterior process. The central cusp is small, roughly 
equal in size to the adjoining denticles. This element 
does not resemble any described Ordovician taxon, but 
its pastinate morphology may suggest inclusion within 
the Balognathidae or Polyplacognathidae. 


Family POLYPLACOGNATHIDAE 
Bergstrom, 1981 


Genus CAHABAGNATHUS Bergstrém, 1983 


Cahabagnathus species 
Plate 2, figures 1, 2, 7 


Discussion.—Small collections of partial to frag- 
mentary elements from the lower St. Peter Sandstone 
of western Iowa (CQ-776.7, 775.7, 762) and north- 
eastern Kansas (C-3387) include distinctive forms as- 
signed to Cahabagnathus, although the species assign- 
ment is unclear. The most complete Iowa specimen is 
a small, presumably juvenile, pastiniplanate element 
with the anterior process missing (PI. 2, fig. 1); the 
broad rounded posterior process resembles that seen in 
C. directus Bauer, 1987 (a species named from the 
McLish Formation of Oklahoma). It also bears some 
resemblance to C. n. sp. B of Leslie and Lehnert 
(1999) from the Joachim Dolomite of Arkansas. Ad- 
ditional Iowa specimens include broken stelliplanate 
elements with straight rows of denticles; these speci- 
mens most closely resemble C. directus and C. friends- 
villensis (Bergstrom, 1971). 

Specimens from Kansas include fragmentary stelli- 
planate and pastiniplanate elements displaying ridges 
and nodes (PI. 2, figs. 2, 7). The posterior process of 
the pastiniplanate elements is broadly rounded; the 
denticle row is not in a straight line; a continuous den- 
ticle row joins anterior and posterior processes (no gap 
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Text-figure 5.—Indeterminate Genus and species B; SEM photomicrograph of denticles showing microstriations (SUI 95016). *350 (310 
pm field of view). 


PLATE 1 


All figures (photographs) 40. Specimens lightly coated with ammonium chloride sublimate. 


1, 5. Indeterminate Genus and species A 
1. Pastinate P element; SUI 95014, CQ-776.7. 
5. Stellate P element; SUI 95015, CQ-776.7. 
Indeterminate Genus and species B 
2. fragmentary blade-like element; SUI 95016, CQ-762. 
3, 4. Plectodina sp. 
3. Sb element; SUI 95017, SM (S-1158). 
4. Sb element; SUI 95018, SM (S-1159). 
6-17. Phragmodus flexuosus Moskalenko, 1973 
6. Sb element; SUI 95019, CQ-762. 
7. Sa element; SUI 95020, CQ-762. 
8. Sa element; SUI 95021, CQ-762. 
9. Sc element; SUI 95022, CQ-762. 
10. Sc element; SUI 95023, CQ-762. 
11. Pb element; SUI 95024, CQ-762. 
12. Pb element; SUI 95025, CQ-762. 
13. Pb element; cusp; SUI 95026, CQ-62 
14. M element; cusp; SUI 95027, OF (O-1977). 
15. M element; SUI 95028, CQ-762. 
16. Pa element; SUI 95029, CQ-762. 
17. Pa element; SUI 95030, CQ-762. 
18-23. Phragmodus cognitus Stauffer, 1935 
18. Sa element; SUI 95031, CQ-720.3. 
19. Pb fragment; SUI 95032, CQ-720.3. 
20. Pa, aberrant specimen with incipient dichognathiform process; SUI 95033, CQ-720.3. 
21. Pb element; SUI 95034, CQ-720.3. 
22. Sb element; SUI 95035, CQ-720.3. 
23. Sc element; SUI 95036, CQ-720.3. 
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as in C. sweeti). These specimens most closely resem- 
ble C. directus and C. friendsvillensis. Sweet (1992) 
reported the occurrence of C. friendsvillensis from the 
same Kansas core (Loc. CT) in a stratigraphic interval 
he termed “Subsurface Unit A”; this interval is as- 
signed to the St. Peter Sandstone following the strati- 
graphic classification of this core section by the Kan- 
sas Geological Survey (Watney ef al., 1997). 


Genus EOPLACAGNATHUS Hamar, 1966 


Eoplacognathus species 
Plate 2, figure 3 


Discussion.—Rare elements from the lower St. Pe- 
ter Sandstone of western Iowa (CQ-776.7, 775.7) and 
northeastern Kansas (C-3386) are assigned to Eopla- 
cognathus, although species assignment is precluded 
by the fragmentary nature of the specimens. Most 
specimens are broken anterior processes that are slight- 
ly curved and distally-pointed; the pointed and curved 


aspect of these specimens is most similar to that of E. 


foliaceus (see Bergstrom, 1971) and E. sp. (of Bauer, 


1987). Some of these are not readily distinguishable 
from the anterolateral process of stelliplante elements 
of Cahabagnathus (see illustrated specimen). Howev- 
er, additional Iowa specimens (CQ-775.7) preserve the 
central region of the pastiniplanate elements and show 
an enlarged denticle (or cusp) at the junction of the 
three processes; this character has been observed only 
in E. reclinatus (see Bergstr6m, 1971), a European 
species. Elements informally classified as “E. foli- 
aceus—E. reclinatus transition” from Nevada (Harris 
et al., 1979) and the morphologically similar FE. sp. 
from the McLish Formation (Bauer, 1987) differ from 
the St. Peter specimens in possessing a sinuous row of 
denticles on the anterior process of the pastiniplanate 
elements. Although differing from these Nevada and 
Oklahoma specimens, the lower St. Peter occurrences 
may also show transitional aspects between E. foli- 


PLATE 2 


All figures (photographs) *40. Specimens lightly coated with ammonium chloride sublimate. 


1, 2, 7. Cahabagnathus sp. 


1. juvenile pastiniplanate element; SUI 95037, CQ-776.7. 
2. fragmentary pastiniplanate element; SUI 95038, CT (C-3387). 
7. broken process of stelliplanate element; SUI 95039, CT (C-3387). 


3. Eoplacognathus sp. 
3. broken process; SUI 95040, CT (C-3386). 


4, 5. Chirognathus duodactylus Branson and Mehl, 1933a 
4. Sa element (“C. multidens” ); SUI 95041, CQ-721. 


5. Sb? element; SUI 95042, CQ-721. 
6, 11. cf. Chirognathus sp. 


6. indeterminate element; SUI 95043, CT (C-3386). 
11. indeterminate element; SUI 95044, CT (C-3386). 


8. 9. Indeterminate Genus and species C 
8. Pa element; SUI 95045, O-1977. 
9. elongate broken process; SUI 95046, O-1977. 
10. cf. Leptochirognathus sp. 


10. fragmentary element with compressed denticles; SUI 95047, SP-L (12-13.5). 


12. cf. Coleodus sp. 


12. indeterminate bar-like element; SUI 95048, CQ-776.7. 


13, 14, 16, 17. Coleodus sp. 
13. broken blade; SUI 95049, CQ-776.7. 
14. complete element; SUI 95050, CQ-762. 


16. nearly complete element; SUI 95051, OF (O-1977). 
17. nearly complete element; SUI 95052, OF (O-1977). 


15. Erraticodon sp. 


15. broken process with reclined denticles (for comparison with Coleodus and Archeognathus); SUI 95053, CQ-762. 


18, 21, 23. Archeognathus sp. 
18. isolated denticle; SUI 95054, CQ-762. 


21. conjoined denticles; SUI 95055, SP-U (25.5—27). 


23. isolated denticle; SUI 95056, CQ-762. 
19, 20, 22. cf. Archeognathus sp. 


19. conjoined denticles, basal groove displayed; SUI 95057, CQ-762. 


20. conjoined denticles; SUI 95058, CT (C-3387). 
22. partial crown; SUI 95059, CQ-762. 
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aceus and E. reclinatus in possessing an enlarged den- 
ticle (like E. reclinatus) but with a slightly curved an- 
terior process (like E. foliaceus). Fragmentary pasti- 
niplanate elements from higher in the St. Peter (CQ- 
762.8, 757) are tentatively included with E. sp. 


Family MULTIOISTODONTIDAE Harris, 1964 


Genus LEPTOCHIROGNATHUS Branson and 
Mehl, 1943 


cf. Leptochirognathus species 
Plate 2, figure 10 


Discussion.—Two fragmentary specimens from the 
lower St. Peter shale unit at St. Paul, Minnesota (Loc. 
SP), are tentatively identified as an indeterminate spe- 
cies of cf. Leptochirognathus. The illustrated specimen 
is hyaline and preserves two large laterally compressed 
denticles with relatively sharp upper margins, features 
characteristic of the genus. The denticles are relatively 
short with rounded margins, and a_ shallow basal 
trough extends the length of the specimen. The spec- 
imen bears some resemblance to the graciliform ele- 
ment of L. guadratus (“L. gracilis”) described by 
Branson and Mehl (1943, p. 377), which includes a 
“short, stout, somewhat rounded”’ first denticle, and a 
long trough-like basal cavity. However, most described 
elements of Leptochirognathus are characterized by 
compressed elongate pointed denticles, aspects not 
seen on the St. Peter specimen (although rounded to 
blunted denticles are illustrated for an element of L. n. 
sp. from Nevada by Harris er al., 1979, pl. 1, fig. 18, 
and described for the anterior denticle of the quadra- 
tiform element of L?. sp. | from the Tyner Fm., 
Oklahoma, Bauer, 1989). The second St. Peter speci- 
men preserves one relatively stout compressed pointed 
denticle, but its fragmentary nature makes inclusion 
here tenuous. 


Indeterminate multioistodontid? species 


Discussion.—Four indeterminate hyaline elements 
from the lower St. Peter of Nebraska (O-1977) are 
included here. Two bipennate elements with a long 
recurved cusp (posterior process 4 denticles, shortened 
anterior process | to 2 denticles) resemble the “‘cyr- 
toniodiform” elements of Paraprioniodus costatus il- 
lustrated by Rexroad et al. (1982, fig. 7) from the Ev- 
erton Dolomite. Two pastinate “‘prioniodiform”’ ele- 
ments display shorter cusps flanked by posterior and 
anterior processes with one to two denticles, a short 
lateral process with a single denticle, and a broad basal 
cavity. Gross morphologic similarities with Paraprion- 
iodus Suggest tentative relationships with the Multiois- 
todontidae. A few fragmentary elements from the low- 
er St. Peter of Kansas (C-3387) have compressed cos- 


tate cusps similar to some multioistodontid taxa (e.g., 
Neomuttioistodus). 


Family PLECTODINIDAE Sweet, 1988 
Genus PLECTODINA Stauffer, 1935 


Plectodina species 
Plate 1, figures 3, 4 


Discussion.—Various specimens from the St. Peter 
Sandstone and Glenwood Shale of Iowa and Nebraska 
are assigned to Plectodina, but, for the most part, these 
small and generally fragmentary elements are not eas- 
ily identified to species level. These elements are left 
in Open nomenclature, although morphologic differ- 
ences in the length and denticulation of the posterior 
process of the Sc elements between the St. Peter sam- 
ples and Glenwood samples suggest that more than 
One species is probably represented. It is possible that 
some small Pa and Pb elements of Plectodina have 
been inadvertently included with Phragmodus in Ta- 
bles 1 and 2, but the distinctive S elements of Plec- 
todina are more easily distinguished, especially the di- 
gyrate Sb elements. Plectodina is a rare taxon through- 
out the St. Peter Sandstone, but it is locally common 
in the some Glenwood Shale samples (e.g., Loc. GN). 
Most, if not all, specimens of Plectodina from the 
Glenwood Shale are probably assignable to Plectodina 
aculeata (Stauffer, 1930). M elements from one St. 
Peter sample (CQ-775.7) resemble Plectodina sp. il- 
lustrated by Bauer (1987) from the McLish Formation 
of Oklahoma. 


Family CYRTONIODONTIDAE Hass, 1959 
Genus BRYANTODINA Stauffer, 1935 
Bryantodina typicalis Stauffer, 1935 

Discussion.—Distinctive thin blade-like multidenti- 
culate pectiniform and ramiform elements of Bryan- 
todina typicalis occur in some Glenwood Shale sam- 
ples (GN, CQ720.3, J-1021, SS-753). This well-known 
species was first described from the Glenwood Shale 
of Minnesota (Stauffer, 1935; see also Webers, 1966). 


?Bryantodina species 


Discussion.—A few fragmentary thin blade-like 
multidenticulate carminate pectiniform and ramiform 
elements were recovered from two St. Peter samples 
(CQ-757, O-1977). The denticulation and thin blade- 
like aspect of these specimens bear resemblance to 
Bryantodina typicalis from the Glenwood Shale. How- 
ever, their fragmentary nature precludes clear taxo- 
nomic assignment, and they are provisionally labeled 
as? Bryantodina sp. The best preserved Pa element 
(SUI 99487) has 9 erect partially fused denticles on 
the posterior process and 3 denticles on the anterior 
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process. Ramiform fragments also show erect partially 
fused small denticles. Bryantodiniform elements re- 
covered from Glenwood Shale equivalents in eastern 
Nebraska (S-1158, 1161, 1162) are fragmentary, and 
these specimens are tentatively labeled as ?Bryanto- 
dina sp., although they likely represent fragments of 
B. typicalis. Specimens provisionally labeled as 
“Bryantodina” sp. were reported from the McLish 
Formation of Oklahoma by Bauer (1987). 


Genus PHRAGMODUS Branson and Mehl, 1933b 


Phragmodus flexuosus Moskalenko, 1973 
Plate 1, figures 6-17 


Discussion.—Elements of Phragmodus flexuosus 
are the dominant conodonts of the lower to middle St. 
Peter Sandstone in western Iowa (Loc. CQ, see Table 
1). Mature conodont elements in the St. Peter collec- 
tions agree in most salient details with the descriptions 
given for the apparatus of P. flexuosus in Klapper et 
al. (1981) and Bauer (1987; P. flexuosus morphotype 
A). Moskalenko (1972, 1973) apparently included ad- 
ditional elements within her apparatus reconstruction 
that are not recognized in the St. Peter collections. P 
elements are differentiated (Pa, Pb) in the St. Peter 
collections, thereby precluding assignment to P. am- 
biguus Bauer, 1994. Mature Pa and Pb elements are 
dichognathiform in all samples. However, immature Pa 
elements (one-fifth to one-half the length of the largest 
specimens) are variably dichognathiform to ozarkodi- 
niform in a few samples. Small immature elements of 
Phragmodus are abundant in samples CQ-775.7 and 
CQ-762.8, and, although the mature Pa elements of P. 
flexuosus are indistinguishable in the two samples, the 
immature specimens differ between the two samples. 
The lower sample (CQ-775.7) contains small Pa ele- 
ments dominated by dichognathiform morphologies, 
but a few specimens lack the dichognathiform process 
(i.e., are ozarkodiniform). By contrast, all small im- 
mature Pa elements in the higher sample (CQ-762.8) 
are ozarkodiniform with no trace of a dichognathiform 
process or “wrinkle.” In this respect, these small im- 
mature Pa elements are largely indistinguishable from 
those of the Midcontinent endemic species P. cognitus 
Stauffer, 1935. However, because no larger mature 
specimens of P. cognitus are recognized in the St. Pe- 
ter samples, and because the small ozarkodiniform Pa 
elements grade into the larger dichognathiform Pa el- 
ements of P. flexwosus (sample CQ-775.7), it seems 
likely that the small ozarkodiniform Pa elements rep- 
resent a juvenile ontogenetic stage present within some 
populations of P. flexuosus. This interpretation may 
explain the subsequent phylogenetic origin of P. cog- 


nitus via paedomorphosis from certain Midcontinent 
North American stocks of P. flexuosus. 

M elements of P. flexuosus within the St. Peter sam- 
ples are generally dolabrate, unlike the exclusively ge- 
niculate coniform (oistodontiform) M elements of P. 
polystrophos Watson, 1988 (= P. harrisi of Bauer, 
1989). Most St. Peter specimens display four denticles 
on the posterior process, but some specimens, both 
mature and immature, variably display from one to 
five denticles. Immature small M elements are com- 
mon in samples CQ-775.7 and CQ-762.8, and inter- 
esting variations are noted. The lower sample (CQ- 
775.7) includes common geniculate coniform elements 
(adentidulate posterior process), but some specimens 
show one to three denticles on the posterior process. 
By contrast, the upper sample (CQ-762.8) contains im- 
mature small M elements dominated by dolabrate mor- 
phologies with three to four denticles on the posterior 
process, but some show reduced denticles (1 to 2) and 
a few appear to be geniculate coniform. Variation of 
M-element morphology was discussed by Bauer 
(1989, p. 103), and he proposed that the apparatus of 
P. flexuosus likely “possessed both types of M ele- 
ments” (dolabrate and coniform). Likewise, Moska- 
lenko (1972, 1973) included both dolabrate and genic- 
ulate coniform elements within her apparatus recon- 
struction of P. flexuosus. 

Sc elements in all samples are cordylodontiform and 
display a relatively straight posterior process with 
faintly sinuous denticles. Mature Sa and Sb elements 
are similar in general morphology (phragmodontiform) 
and are distinguished from the Sc elements by the 
presence of small lateral processes (seen as narrow 
ridges or costae) marginal to the cusp and a broadly 
arched and sinuous posterior process. Unlike the Sc 
elements, which bear relatively uniformly sized small 
denticles on the posterior process, the posterior pro- 
cesses of the Sa and Sb elements display one or more 
(generally two or three) large denticles similar in size 
to the cusp. Large numbers of immature Sa and Sb 
elements (one-fifth to one-half the size of the larger 
specimens) are contained in samples CQ-775.7 and 
CQ-762.8, and significant variations are seen between 
these samples. The lower sample (CQ-775.7) contains 
small Sa and Sb elements similar in general morphol- 
ogy to that of the co-occurring larger specimens, each 
displaying a broadly arched posterior process with one 
or two large denticles (subequal in size to the cusp). 
However, the small specimens are notably less sinuous 
than the larger mature specimens. Mature Sa and Sb 
elements in the higher sample (CQ-762.8) are indistin- 
guishable from those in the lower sample. However, 
immature small specimens in this sample are markedly 
different in two aspects: 1) the posterior process is 
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arched anteriorly, but the process is straight posteriorly 
(and non-sinuous to slightly sinuous); and 2) the pos- 
terior process consistently shows only a single large 
denticle (at the inflection where the anterior arch 
straightens posteriorly). These morphologies are not 
generally characteristic of P. flexuosus but more close- 
ly resemble that seen in P. inflexus Stauffer, 1935 and 
P. undatus Branson and Mehl, 1933b (see Leslie and 
Bergstr6m, 1995). It could be argued that these small 
specimens should actually be assigned to P. inflexus, 
but this assignment is rejected for two reasons: 1) no 
larger specimens of P. inflexus occur within any of the 
St. Peter samples; and 2) the co-occurring small Sc 
elements (same sizes as the small Sa and Sb elements) 
are cordylodontiform (dolabrate), unlike the phrag- 
modontiform Sc elements of P. inflexus (see Leshe and 
Bergstrom, 1995). If these small Sa and Sb elements 
(CQ-762.8) belong within the sample of P. flexuosus, 
it seems reasonable to suggest that significant morpho- 
logic changes in the phragmodontiform elements first 
appeared during juvenile ontogenic development in 
certain (St. Peter?) populations of P. flexuosus. It is 
proposed that these juvenile morphologies later be- 
came incorporated in the mature morphology of the 
descendent species (P. inflexus) by paedomorphosis 
(paralleling changes in the Pa elements discussed 
above). 

If this proposition has any validity, the taxonomic 
differentiation of P. flexuosus and P. inflexus may 
prove difficult for small (juvenile) elements. The fol- 
lowing quote from Klapper et a/. (1981, p. 261, un- 
derlines added) is of note: “‘The skeletal apparatus of 
Phragmodus inflexus Stauffer is closely similar to that 
of its predecessor, P. flexuosus Moskalenko, but differs 
in being composed of typically much smaller elements 
that are laterally compressed and commonly fragile 
rather than large and robust.”’ However, such size dis- 
tinctions, particularly when co-occurring with larger 
elements of Phragmodus, may conceivably reflect on- 
togenetic growth stages of a single species in some 
cases. An abundance of small specimens in certain 
samples may alternatively reflect two different things: 
1) the specimens represent a species that is character- 
istically small, or 2) the sample is skewed toward ju- 
venile specimens, possibly due to high juvenile mor- 
tality in particular depositional settings. When both 
small and large elements are present in the same sam- 
ple, ontogenetic variation should be considered. Bauer 
(1994) reported that the ranges of P. flexuosus and P. 
inflexus overlap in the Bromide Formation of 
Oklahoma. If the small Sa and Sb elements from the 
St. Peter samples discussed above are assigned to P. 
inflexus, a similar overlap could also be interpreted. 
Nevertheless, an ontogenetic explanation of morpho- 


logic variation within a single species (P. flexuosus) is 
considered a more likely explanation for the St. Peter 
samples. The species-level taxonomic assignment of 
small, presumably juvenile, elements of Phragmodus 
may inadvertently omit consideration of those distin- 
guishing characters that appear in later stages of on- 
togenetic development. This is of special concern if 
paedomorphic evolution characterizes any portion of 
the Phragmodus lineage. It is recommended that spe- 
cies of Phragmodus should ideally be defined by char- 
acters present in the largest elements of any collection, 
as such elements likely were derived from fully mature 
individuals. 


Phragmodus cognitus Stauffer, 1935 
Plate 1, figures 18—23 


Discussion.—Elements of Phragmodus cognitus 
dominate certain collections from the Glenwood Shale 
of Iowa (e.g., CQ-721, J-1021, SS-753), and the spe- 
cies also occurs in equivalent strata of the uppermost 
St. Peter Sandstone or Glenwood Shale in eastern Ne- 
braska (S-1162) and southeastern Minnesota (Stauffer, 
1935). Phragmodus cognitus 1s apparently endemic to 
the continental interior of North America, and it is best 
known from the Upper Mississippi Valley area where 
it ranges as high as the Decorah Shale (Leslie, 2000). 
It is primarily distinguished from other species of 
Phragmodus by the presence of an ozarkodiniform Pa 
element (Leslie and Bergstr6m, 1995; Klapper ef al., 
1981), unlike the dichognathiform P elements seen in 
other species of the genus. The Pb element of P. cog- 
nitus, however, 1s dichognathiform. Collections con- 
taining relatively large elements of Phragmodus from 
CQ-720.3, CQ-721, and SS-753 agree in most salient 
details with the diagnosis of P. cognitus given by 
Klapper et al. (1981, p. 251). Most Pa elements are 
ozarkodiniform, but a few of the largest specimens are 
aberrant in showing an incipient dichognathiform an- 
terior process and an expanded basal cavity (PI. 1, fig. 
20). The occurrence of a dichognathiform-like process 
on the largest (presumably gerontic) specimens may 
indicate convergence towards the Pa structure of P. 
inflexus or P. flexuosus \ate in the ontogeny of some 
populations of P. cognitus. Klapper et al. (1981, p. 
251) noted “‘riblike expansions of outer side [of Pa 
element] vertically beneath cusp” for P. cognitus that 
are reminiscent of a greatly reduced dichognathiform 
process. They indicated that the S elements of P. cog- 
nitus display a “straight bladelike’’ process posterior 
of the arched anterior region, but noted that some spec- 
imens apparently belonging to this species show 
“slightly twisted”? denticles. Similar twisting is seen 
in some specimens from CQ-720.3, CQ-721, and SS- 
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753, and a few fragmentary posterior processes are 
slightly sinuous (less so than seen in P. flexwosus). 


Phragmodus cf. P. ambiguus Bauer, 1994 


Discussion.—Collections from the lower St. Peter 
Sandstone of eastern Nebraska (O-1977) and northeast 
Kansas (C-3387, 3386) include scattered to common 
elements of a species of Phragmodus similar in most 
respects to P. flexuosus discussed above. However, un- 
like the collections of P. flexuosus from the lower St. 
Peter of western Iowa, only one type of P element was 
noted in the Nebraska and Kansas samples. The P el- 
ements from these collections (SUI 99488, SUI 99489) 
are not particularly well preserved or abundant, but the 
angle formed by the processes is relatively constant in 
all specimens (similar to that seen in the Pb elements 
of P. flexuosus). Where preserved, the posterior pro- 
cess bears 3 denticles. No broad-angled forms resem- 
bling the Pa elements of P. flexwosus were noted in 
these collections. Bauer (1987, p. 25) originally de- 
scribed forms from the McLish of Oklahoma that 
lacked differentiated P elements as **P. flexwosus mor- 
photype B,” and he subsequently named this taxon P. 
ambiguus Bauer, 1994. The Kansas and Nebraska 
forms are tentatively allied with this species. Alter- 
natively, the absence of differentiated Pa elements 
could be a preservational artifact related to the small 
collection sizes. The associated M (dolabrate) and S 
elements are largely indistinguishable from P. flexu- 
osus 8.8. P. ambiguus is known trom McLish and low- 
er Bromide formations in Oklahoma and the Chazy 
Group of New York (Bauer, 1994). Sweet (1992) also 
reported P. flexuosus morphotype B (= P. ambiguus) 
from the St. Peter at Locality CT and elsewhere in the 
Kansas subsurface. 


Phragmodus cf. P. inflexus Stauffer, 1935 


Discussion.—Phragmodus inflexus 1s primarily dis- 
tinguished from P. cognitus by its dichognathiform Pa 
element, which may display a denticulate (single den- 
ticle) anterior process (Leslie and Bergstr6m, 1995; 
Klapper et al., 1981). Some specimens of Phragmodus 
from the Glenwood Shale of eastern Iowa (GN) and 
eastern Nebraska (S-1158, S-1159, S-1161) are not in- 
cluded within P. cognitus because the Pa elements are 
dichognathiform, although the anterior process is ad- 
enticulate and is not as prominently developed as in 
typical P. inflexus. The associated Phragmodus ele- 
ments (Pb, M, S) from these collections are largely 
indistinguishable from those of P. cognitus. Because 
of the presence of dichognathiform Pa elements, 
Phragmodus elements from these collections are pro- 
visionally labeled P. sp. cf. P. inflexus. A single Pa 
element from CQ-720.3 displays a denticulate anterior 


process and is assigned to P. sp. cf. P. inflexus, al- 
though this specimen occurs within collections other- 
wise dominated by P. cognitus. A denticulate anterior 
process on one or both of the P elements is given as 
a diagnostic character of P. inflexus by Klapper et al. 
(1981, p. 262), but they acknowledged that “anteriorly 
adenticulate dichognathiform elements that are other- 
wise closely similar to anteriorly denticulated speci- 
mens occur in many collections of P. inflexus.”’ As 
such, it seems probable that the denticulation of the 
dichognathiform process displays variation within the 
species. 

The type specimens of both P. cognitus and P. in- 


flexus come from the same locality and stratum in the 


Glenwood Shale of southeastern Minnesota (Stauffer, 
1935), and, if both species are valid taxa, they are 
apparently contemporaneous and sympatric in the 
North American Midcontinent. Both species succeed 
P. flexuosus stratigraphically, and immature elements 
of Phragmodus occur in the underlying St. Peter Sand- 
stone that resemble both P. cognitus and P. inflexus. 
The apparent difficulty in differenting P. inflexus and 
P. cognitus in some Iowa Glenwood collections, and 
the co-occurrence of these two species in Minnesota, 
raises issues about their taxonomic status. Geographic 
and paleo-environmental variations may need to be 
considered in a regional stratigraphic evaluation of this 
Phragmodus plexus. Although speculative, the possi- 
bility that P. inflexus and P. cognitus may be geo- 
graphic or ecophenotypic variants of a single species 
is raised here. 


Phragmodus? species 

Discussion.—Rare fragmentary elements (SUI 
99490, SUI 99491) from the lower St. Peter Sandstone 
(CQ-775.7, CQ 762.8) resemble forms from the Bro- 
mide, McLish, and Tulip Creek formations of 
Oklahoma that Bauer (1994) classified as Phragmo- 
dus? arcus Webers, 1966. These St. Peter specimens 
include S elements with erect laterally compressed 
denticles. Dichognathiform P elements tentatively as- 
sociated with this taxon possess denticulate processes 
and a compressed cusp. These forms differ from ?P. 
arcus discussed by Bauer (1994) in the apparent ab- 
sence of lateral costae on the S-element cusps, and the 
P elements are dichognathiform and lack the sharp an- 
gle between posterior and anterior processes. Phrag- 
modus arcus was first described by Webers (1966) for 
certain distinctive phragmodiform S elements from the 
Platteville Formation of Minnesota. 


Indeterminate Genus and species C 
Plate 2, figures 8, 9 


Discussion.—Two indeterminate conodont elements 
with multi-denticulated elongate thin processes were 
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recovered from the lower St. Peter Sandstone in the 
Offutt Air Force Base core, Nebraska (O-1977). The 
most complete specimen is carminate, with one long 
process (anterior?) bearing 15 erect partially-fused 
denticles and the shorter broken process (posterior?) 
preserving 6 denticles. A small shallow basal cavity is 
seen below the cusp. A second specimen is tentatively 
associated with this form, and displays a broken elon- 
gate process bearing 13 denticles. The numerous small 
denticles seen on these specimens invite comparison 
with other highly denticulated Ordovician taxa, espe- 
cially Bryantodina and Appalachignathus. However, 
the St. Peter forms are more highly denticulate than 
any known species of Bryantodina, and, in addition, 
Bryantodina characteristically displays a proportion- 
ately larger cusp and a basal groove than the St. Peter 
specimens. P elements of Appalachignathus are more 
highly denticulate than the St. Peter specimens and 
also display a basal groove, and any relationships seem 
unlikely. Genus and species C probably represents a 
new taxon, possibly allied with Bryantodina. 


Family RHIPIDOGNATHIDAE? Lindstrém, 1970 


Genus APPALACHIGNATHUS Bergstrom, Carnes, 
Ethington, Votaw, and Wigley, 1974 


cf. Appalachignathus species 


Discussion.—A single broken Pb (?) element (SUI 
99492) from the St. Peter Sandstone at St. Paul, Min- 
nesota, preserves 12 semi-erect partially fused denti- 
cles, and a basal groove extends the length of the spec- 
imen. The multidenticulate aspect as well as the basal 
groove suggest similarities with Appalachignathus, a 
rare but widespread conodont genus from Chazyan and 
Blackriveran strata of North America (Bergstr6m ef 
al., 1974). The fragmentary nature of the specimen, 
however, precludes clear assignment. An additional 
fragment from the Glenwood Shale (CQ-721) also re- 
sembles Appalachignathus, but assignment is even 
more tenuous. Bergstrom et al. (1974) noted the pos- 
sible presence of the genus in the Glenwood Shale of 
Minnesota. 


Indeterminate rhipidognathid? species 


Discussion.—Small elements from the Glenwood 
Shale of lowa (CQ-720.3, 721) share some aspects 
with the Rhipidognathidae. Two types of symmetrical 
alate elements both display posterior processes re- 
duced to a sharp ridge. One type has lateral processes 
bearing a single denticle, whereas the other form has 
five denticles on each lateral process (the latter grossly 
resembles Sa elements of Rhipidognathus and Appa- 
lachignathus). Associated angulate elements are slight- 
ly arched with a prominent cusp and reduced processes 


with three or four small denticles; these grossly resem- 
ble the M elements of Rhipidognathus illustrated by 
Sweet (1988, p. 76). These types of conodont elements 
have not been previously reported from the Glenwood 
Shale, and they likely represent an undescribed taxon, 
possibly a rhipidognthid. 


Order PRIONIODINIDA Sweet, 1988 


Family CHIROGNATHIDAE Branson and 
Mehl, 1944 


Genus CHIROGNATHUS Branson and 
Mehl, 1933a 


Chirognathus duodactylus Branson and Mehl, 
1933a 
Plate 2, figures 4, 5 


Discussion.—Elements of Chirognathus duodacty- 
Jus are Common in many samples from the Glenwood 
Shale of Minnesota (Stauffer, 1935; Webers, 1966) and 
Iowa (this study). The apparatus-based species C. duo- 
dactylus was Clarified by Sweet (1982), who synony- 
mized a plethora of form species originally named 
from the Glenwood and Harding formations (Stauffer, 
1935; Branson and Mehl, 1933a). The distinctive sym- 
metrical Sa element (form species ““C. multidens”’) is 
an elongate element in the lowa Glenwood collections 
bearing 6 to 8 denticles on each process (e.g., Pl. 2, 
fig. 4; see also Stauffer, 1935, pl. 9, fig. 40, for Min- 
nesota Glenwood example). However, additional illus- 
trated Sa elements from the Harding, Winnipeg, and 
Glenwood formations (Branson and Mehl, 1933a, pl. 
2, fig. 43 type “C. multidens’; Sweet, 1955, pl. 27, 
fig. 1; Sweet, 1982, pl. 1, fig. 16; Webers, 1966, pl. 5, 
fig. 2) are less elongate, bearing 6 or fewer denticles 
per process. Such variations were incorporated within 
the multi-element species C. duodactylus by Sweet 
(1982), as followed here. 


cf. Chirognathus species 
Plate 2, figures 6, 11 


Discussion.—A few small hyaline elements from 
the St. Peter Sandstone are questionably compared to 
Chirognathus. Specimens from northeast Kansas (C- 
3386; Pl. 2, figs. 6, 11) and western lowa (CQ-775.7) 
resemble Chirognathus in size, basal development, and 
denticulation, but these may alternatively represent ju- 
venile Erismodus. Three small specimens from the 
Iowa St. Peter (CQ-757) are more clearly identifiable 
as Chirognathus, including an Sc element and two Sa 
elements bearing four to five denticles per process. 
These latter specimens resemble C. duodactylus, al- 
though they are not presently assigned to this species 
because of the limited collection. Although Sweet 
(1984) considered C. duodactylus to be an exclusively 
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Mohawkian conodont, a longer range is indicated for 
the genus consistent with the St. Peter occurrences. 
Klapper ef al. (1991, p. 46) noted the co-occurrence 
of Chirognathus and Phragmodus flexuosus in the 
“Simpson Group” of south-central Kansas, which they 
considered the oldest known specimens of the genus. 
Sweet (1992) subsequently reported C. duodactylus 
immediately above P. flexuosus in the Kansas subsur- 
face. Bauer (1994) listed the co-occurrence of C. duo- 
dactylus and P. ambiguus in the lower Bromide For- 
mation of Oklahoma. Tipnis et al. (1979) noted Chi- 
rognathus sp. within the range of P. flexuosus in the 
Mackenzie Mountains. 


Genus CURTOGNATHUS Branson and 
Mehl, 1933b 


Curtognathus species 


Discussion.—Small dominantly hyaline elements 
assigned to an indeterminate species of Curtognathus 
are noted in only a few samples (Tables 1, 2), but they 
are moderately common in two lower St. Peter samples 
(CQ-775.7, 762.8; collections SUI 99493, SUI 99494). 
Following the recommendation of Leslie (2000, p. 
1133) these forms are left in open nomenclature: “‘Un- 
til the apparatus of the genus is established, there is 
little point in trying to define apparatus-based species” 
of Curtognathus. The St. Peter elements show a broad 
range of morphological intergradation that closely re- 
sembles that illustrated for “?Curtognathus typus” 
from the Dutchtown Formation of eastern Indiana by 
Ethington et al. (1986). Curtognathiform, trucherog- 
nathiform, and cardiodelliform elements are recog- 
nized, but polycaulodiform elements were not recov- 
ered. Although dominantly hyaline, some specimens 
preserve traces of white matter in the denticle tips. 


Genus ERISMODUS Branson and Mehl, 1933a 


Erismodus species 
Plate 3, figures 1-3, 7, 9, 10, 12-15, 17-21; Plate 4, 
figure 11 


Discussion.—Hyaline elements included in unas- 
signed species of Erismodus are among the most abun- 
dant conodonts found in the St. Peter Sandstone and 
Glenwood Shale, and a bewildering array of forms are 
present. Following the advice of Leslie (2000, p. 
1135), until a full revision of Erismodus and its con- 
tained species is completed, it is advisable to leave 
most forms in open nomenclature, as “‘assigning ele- 
ments of the plexus a formal specific name is not 
deemed appropriate.’’ As observed by Andrews (1967, 
p. 890) in the Joachim Dolomite of Missouri, many 
elements of Erismodus show a “high degree of intra- 
specific variability’ and some collections display a 


“complete gradation” in morphology between many 
previously-defined form species. Elements of Erismo- 
dus occur in almost all productive samples used in this 
study, and Erismodus is the dominant conodont in 
some St. Peter samples (CQ-757, O-1977, H-3579, SP- 
L). Many hundreds of specimens were recovered, and 
a representative selection is illustrated on Plate 3. 
Sweet (1982) diagnosed Erismodus with a septimem- 
brate apparatus, and he synonymized many form taxa 
originally described from the Glenwood Shale (Stauf- 
fer, 1935; Webers, 1966) within the multi-element spe- 
cies E. quadridactylus (Stauffer, 1935). Most speci- 
mens recovered from the Glenwood Shale during this 
study are probably assignable to E. quadridactylus. 
However, many specimens from the St. Peter Sand- 
stone collections do not conform to the diagnosis of 
FE. quadridactylus, and additional species are probably 
represented. In addition to E. quadridactylus, several 
additional multi-element species of Erismodus have 
been proposed from Ordovician strata of the North 
America, including FE. arbucklensis, E. typus, and E. 
radicans (see discussions in Bauer, 1987, 1994; Leslie, 
2000). Some St. Peter specimens resemble elements of 
these species, but additional forms also seem to be 
present. 

Several generalized morphologic categories are rec- 
ognized in the St. Peter Erismodus collections: 1) large 
robust forms with relatively thick rounded denticles 
and cusps, Sa-Sb elements show a prominent down- 
ward-projecting process (“boss”) beneath the cusp (PI. 
3, figs. 1, 18); 2) gracile forms with slender elongate 
pointed denticles and cusps, generally circular in sec- 
tion (Pl. 3, figs. 2, 3, 15, 20); 3) gracile forms with 
variably costate laterally compressed denticles and 
cusps (PI. 3, figs. 12, 14); 4) forms with widely spaced 
denticles and broadly expanded basal cavities, some 
with an aboral “boss” (Pl. 3, figs. 10, 21); and 5) 
relatively squat forms with short closely-spaced den- 
ticles and shortened cusps (Pl. 3, fig. 7). Although a 
full analysis of the St. Peter collections has not been 
undertaken, some of these categories share morpho- 
logic similarities with previously recognized species, 
including E. typus (category 1), E. radicans, E. asym- 
metricus, and E. symmetricus (category 2), and E. ar- 
bucklensis and E. quadridactylus (category 3). Collec- 
tions from the lower St. Peter include common Eris- 
modus elements (Pl. 3, figs. 12, 14, 19) that more 
closely resemble EF. arbucklensis, a species originally 
described by Bauer (1987) from the McLish Formation 
of Oklahoma, than FE. gquadridactylus. Additional ele- 
ments with widely spaced denticles and broadly ex- 
panded basal cavities (category 4) cannot be clearly 
associated with any presently-defined multi-element 
species, but these share some similarities with the form 
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species E. expansus (Branson and Mehl, 1933b:; see 
also Andrews, 1967). The relatively squat elements 
(category 5) do not clearly resemble any named form 
species, suggesting that an unnamed taxon likely oc- 
curs in the St. Peter faunas. Additional robust forms 
(e.g., Pl. 4, fig. 11) are tentatively included with Er- 
ismodus. 


Genus ERATICODON Dzik, 1978 


Erraticodon species 
Plate 2, figure 15; Plate 3, figures 4—6, 8, 11, 16: 
Plate 4, figures 12—24 


Discussion.—Hyaline elements characterized by 
long slender pointed denticles and that differ in mor- 
phologic details from those included in Erismodus are 
here assigned to an unnamed species of Erraticodon. 
Elements of Erraticodon sp. are scattered to common 
in collections from the lower to middle St. Peter Sand- 
stone (CQ, O-1977, CT), and a few specimens from 
the upper St. Peter (CQ-739) are tentatively included 
as E. sp. However, Erraticodon is absent in all Glen- 
wood Shale collections. Post-Lower Ordovician oc- 
currences of Erraticodon include E. balticus Dzik 
from Europe, Australia, and Arkansas (Dzik, 1978; 
Watson, 1988; Leslie et al., 2000), ?E. balticus from 
Newfoundland (Stouge, 1984), E. sp. cf. E. balticus 
from Oklahoma and Kansas (Bauer, 1987; Sweet, 
1992), E. aff. E. balticus from Utah and Alabama (Eth- 


ington and Clark, 1981; Shaw er al., 1990), and E. sp. 
from Nevada (Harris et al., 1979). E. sp. from the St. 
Peter does not clearly conform to any of these illus- 
trated forms. Pending a complete re-evaluation of the 
genus, the St. Peter specimens likely comprise a new 
species. Erraticodon apparently possesses a septimem- 
brate apparatus (Watson, 1988). In general, the St. Pe- 
ter Erraticodon sp. differs from these other occurrenc- 
es in showing reduction or loss of the third (lateral or 
posterior) processes on the Pa, Sba, Sbb, and Sa ele- 
ments and a general expansion of the basal cavity. In 
addition, the interpreted M element of the St. Peter 
species does not appear to be dolabrate as in the other 
occurrences. Such contrasting morphologies, as well 
as the general morphologic plasticity of elements dis- 
played in the collections, have made homologies of the 
St. Peter elements difficult to constrain. Nevertheless, 
an attempt has been made to follow the elemental no- 
tation of Bauer (1987). It is possible that some of the 
non-homologous elements here included in the appa- 
ratus may belong to other unnamed or unrecognized 
taxa. 

The interpreted Pa element of the St. Peter species 
(Pl. 3, fig. 4; Pl. 4, figs. 12, 13, 15, 16) resembles that 
of Erraticodon cf. E. balticus from the McLish For- 
mation (Bauer, 1987), but most specimens lack the 
very short, adenticulate lateral process of that form. 
However, one specimen (from CQ-775.7) does display 


PLATE 3 


All figures (photographs) *40. Specimens lightly coated with ammonium chloride sublimate. 


1-3, 7, 9, 10, 12-15, 17-21. Erismodus spp. 


1. Sc element; SUI 95060, OF (O-1977). 
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Se element; SUI 95061, CQ-776.7. 

Se element; SUI 95062, CQ-762. 

. indeterminate robust element; SUI 95063, OF (O-1977). 
Sc element; SUI 95064, CQ-762. 

. robust Sa element; SUI 95065, CQ-776.7. 
. Sb? element; SUI 95066, CT (C-3387). 

. Pb? element; SUI 95067, SP-L (9-10.5). 
4. Sba element; SUI 95068, CQ-762. 

15. Sba element; SUI 95069, CQ-762. 

17. Sa element; SUI 95070, CQ-776.7. 

18. Sa element; SUI 95071, CT (C-3387). 

19. Sbb element; SUI 95072, CQ-762. 

20. Sbb element; SUI 95073, CQ-762. 

21. Sa element; SUI 95074, CQ-776.7. 


. Pa element (broken); SUI 95075, CQ-762. 
M? element; SUI 95076, CQ-776.7. 

cusp, Sba? element; SUI 95077, CT (C-3387). 
Sc element; SUI 95078, CQ-762. 

. Pb element; SUI 95079, CQ-776.7. 

. Pb element; SUI 95080, CQ-776.7. 


St. PETER-GLENWOOD CONODONTS: WITZKE AND METZGER 83 


a short adenticulate lateral process. The posterior pro- 
cess is long with four to seven slender reclined den- 
ticles. The short anterior process bears one to two den- 
ticles, and the proximal denticle is costate and sube- 
qual in size to the cusp. The Pa element bears a su- 
perfical resemblance to the Sc elements of Erismodus, 
but the large anterior denticle and the long posterior 
process serve to distinguish them. 

Pb elements are tentatively included with the St. Pe- 
ter species (Pl. 3, figs. 11, 16), but these forms also 
resemble Pb elements of Erismodus and may alterna- 
tively belong there. Unlike the Pb element of Errati- 
codon sp. cf. E. balticus from the McLish Formation 
(Bauer, 1987), the St. Peter form shows a more broadly 
developed basal cavity. The element is arched, with 
one elongate process (6—9 denticles decreasing in size 
distally) and one shorter process (2—4 denticles). The 
cusp is slender and round to compressed in cross-sec- 
tion. 

The M elements included within the genus Errati- 
codon have been described to be dolabrate (““neoprion- 


iodiform’’) in most previous investigations. With the 
possible exception of one small fragmentary indeter- 
minate specimen, however, no dolabrate elements are 
associated with the St. Peter E. sp. Instead, a co-oc- 
curring distinctive bipennate or digyrate element (PI. 
4, fig. 19; Pl. 3, fig. 5) is tentatively interpreted to 
represent the M element of the St. Peter species. This 
element bears a superficial resemblance to the M ele- 
ment of E. guadridactylus illustrated by Bauer (1994), 
but it possesses an enlarged basal cavity. The basal 
cavity shows a large lateral bulge beneath the cusp. Of 
six specimens recovered, only one preserves a small 
posterior (?) process that bears four tiny denticles, but 
on the other specimens this process is greatly reduced 
or broken. 

The Sa element is alate (Pl. 4, fig. 17) and displays 
a distinctive knife-like cusp with a sharp posterior 
margin. The cusp is offset posteriorly with respect to 
the two lateral processes, and its sharp-edged margin 
expands basally to form a short pointed adenticulate 
posterior process. The basal cavity is relatively deep 


PLATE 4 


All photographs X40. Specimens lightly coated with ammonium chloride sublimate. 


1, 2, 6, 7. Drepanoistodus suberectus (Branson and Mehl, 1933b) 
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homocurvatiform element; SUI 95081, SM (S-1162). 
geniculate coniform element (aff. D. angulensis); SUI 95082, CQ-776.7. 


6. homocurvatiform element; SUI 95083, CQ-776.7. 
7. suberectiform element; SUI 95084, SM (S-1162). 
3. Stereoconus sp. 
3. coniform element; SUI 95085, CQ-739. 
4. Panderodus sp. 
4. coniform element: SUI 95086, SM (S-1162). 
5. Oneotodus? ovatus (Stauffer, 1935) 
5. coniform element; SUI 95087, SP-L (10.5—12). 
8, 9. Mixoconus sp. 
8. sub-erect coniform element; SUI 95088, SP-U (27—28.5). 
9. reclined coniform element; SUI 95089, SP-L (9—10.5). 
10. Staufferella sp. cf. S. falcata (Stauffer, 1935) 
10. symmetrical element, broken base; SUI 95090, CQ-776.7. 
11. Erismodus sp. 
11. robust Pa? element; SUI 95091, CQ-762.8. 
12-24. Erraticodon sp. 


12. 
13: 
14. 
15. 


Pa element; SUI 95092, CQ-762. 
Pa element; SUI 95093, CQ-762. 
Sc element; SUI 95094, CQ-776.7. 


broken Pa? element with cusp and anterior denticle; SUI 95095, CT (C-3386). 
. broken Pa element with cusp and anterior denticle; SUI 95096, CT (C-3386). 
. Sa element; SUI 95097, CT (C-3387). 

. Sbb? element; SUI 95098, CQ-776.7. 

. M? element; SUI 95099, CQ-776.7. 

. Sba? element; SUI 95100, CQ-776.7. 

. Sba? element; SUI 95101, OF (O-1977). 

. Sc? element; SUI 95102, CQ-776.7. 

. Sc? element; SUI 95103, CQ-776.7. 

. Sba? element; SUI 95104, CQ-776.7. 
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and roughly triangular in outline. This Sa element dif- 
fers from other species of Erraticodon in lacking den- 
ticulation of the posterior process. The sharp-edged 
knife-like cusp is distinctive even in broken speci- 
mens, and a number of such broken specimens are 
identified in the St. Peter collections. The lateral pro- 
cesses are short and possess two to three denticles. 

Two types of Sb elements (Sba, Sbb) are recognized 
in the St. Peter species. The Sba element (PI. 4, figs. 
20, 21, 24) differs from the homologous element of E. 
cf. balticus from the McLish Formation (Bauer, 1987) 
in showing a greatly reduced posterior process. In 
some specimens the posterior process is reduced to a 
short adenticulate point or node similar to that seen in 
the Sa element. However, some specimens from the 
lowest samples of the CQ core (CQ-776.7) display one 
to two small denticles fused to the lower part of the 
cusp. The presence of these posterior denticles clearly 
allies the St. Peter form with Erraticodon (and not 
Erismodus), and in this respect resembles the reduced 
posterior process of the illustrated “‘plectospathodi- 
form” element of E. balticus and E. aff. E. balticus 
with one or two denticles (see Dzik, 1978; Watson, 
1988; Ethington and Clark, 1981). The cusp 1s laterally 
compressed and offset posteriorly with respect to the 
adjoining lateral processes. The cusp is costate and 
displays a sharp-edged posterior margin (PI. 3, fig. 6) 
similar to that of the Sa element. The lateral processes 
angle downward from the cusp and are of subequal 
length but show asymmetric denticulation. One pro- 
cess generally has larger and longer cusps than the 
other (Pl. 4, fig. 24). Most specimens bear four den- 
ticles on each process, but the number of denticles 
varies from three to seven in the St. Peter collections. 

The interpreted Sbb element (PI. 4, fig. 18) of the 
St. Peter species is digyrate, and displays a long point- 
ed costate cusp. The lateral processes are highly asym- 
metric, and the longer one is bent outward about 130° 
from the axial plane of the cusp. The larger lateral 
process bears five slender denticles that decrease in 
size laterally. The smaller lateral process is greatly re- 
duced and includes two small denticles attached di- 
rectly to the lower portion of the cusp. The posterior 
process is reduced to a pointed nub at the base of the 
cusp similar to that of the Sa, Sba elements. 

The interpreted Sc elements (PI. 4, figs. 22, 23) of 
Erraticodon. sp. from the St. Peter Sandstone are dis- 
tinctive bipennate forms generally with a long curved 
cusp and a prominent posterior process bearing six to 
eight elongate denticles. The cusp is roughly circular 
in cross-section, and in one specimen the cusp is re- 
duced to a squat rounded knob. The preservation in 
many specimens of small relict denticles or nodes 
fused along one side of the lower cusp belies the pres- 


ence of a greatly reduced anterior (or lateral) process. 
Variably one or two relict denticles or nodes are pres- 
ent, completely fused their entire length onto the cusp. 
Except for the preservation of these relict denticles, 
the element would appear dolabrate. A few specimens 
show discrete and more elongate anterior denticles 
along the cusp margin (PI. 4, fig. 14; Pl. 3, fig. 8). 


Order UNKNOWN 


Family COLEODONTIDAE Branson and 
Mehl, 1944 


Genus ARCHEOGNATHUS Cullison, 1938 


Archeognathus species 
Plate 2, figures 18, 21, 23 


Discussion.—Fragmentary elements from the St. 
Peter Sandstone (CQ-776.7, 775.7, 762, 755.5; SP-L, 
SP-U, C-3386) characterized by relatively large, robust 
suberect to slightly reclined fibrous denticles with a 
basal groove are assigned to Archeognathus sp. These 
are likely conspecific with A. primus Cullison, 1938, 
from the Dutchtown Formation of Missouri (described 
in detail by Klapper and Bergstré6m, 1984), but the 
absence of complete specimens that preserve the char- 
acteristic basal structure precludes a species-level as- 
signment. The denticles of Archeognathus are gener- 
ally discrete but are interconnected along the basal 
groove by thin laminae (ibid.). This fragile basal in- 
terconnection is displayed on the St. Peter specimens, 
both broken and multi-denticled specimens (see bases 
of Pl. 2, figs. 18, 21). Klapper (in Klapper and Bergs- 
trém, 1984, p. 968) had previously examined speci- 
mens from the CQ core in western Iowa and suggested 
that specimens Witzke (1980, p. 5) had labeled as Neo- 
coleodus (from CQ-762, 721) may represent Archeog- 
nathus. 


cf. Archeognathus species 
Plate 2, figures 19, 20, 22 


Discussion.—Most specimens of Archeognathus 
primus display a series of discrete unfused denticles 
interconnected by thin basal laminae (Klapper and 
Bergstrom, 1984). Specimens from the St. Peter Sand- 
stone and Glenwood Shale that display partially fused 
denticles along an expanded basal bar are tentatively 
designated as cf. Archeognathus sp. (see Tables 1, 2). 
These specimens display denticles of similar size and 
structure to those included in A. sp. and possess a basal 
groove similar to that seen in Coleodus. The partially 
fused denticles of these forms bear resemblance to por- 
tions of the crown of one specimen of A. primus de- 
scribed by Klapper and Bergstr6m (1984, p. 956), 
which includes a segment with four denticles “‘fused 
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to midheight.”” That specimen clearly demonstrates 
that Archeognathus can variably display multi-dentic- 
ulate segments with partially fused denticles, lending 
credence to the inclusion of similar St. Peter and Glen- 
wood specimens within the genus. 


Genus COLEODUS Branson and Mehl, 1933a 


Coleodus species 
Plate 2, figures 13, 14, 16, 17 


Discussion.—Collections from the St. Peter Sand- 
stone of western Iowa (CQ-7765.7, 762.8, 762, 739), 
Minnesota (SP-L), and Nebraska (O-1977) contain 
scattered distinctive blade-like multi-denticulated hy- 
aline elements with a basal trough. These specimens 
are included within the genus Coleodus, but species 
resolution is hampered by wide morphological varia- 
tions within the collections as well as the lack of a 
modern systematic evaluation of previously described 
species. A number of form species of Coleodus have 
been described from North America and Siberia based 
largely on denticulation and profile, but intraspecific 
variability within these forms remains largely unstud- 
ied and an apparatus-based reconstruction has not been 
proposed. However, Ethington er al. (1986, pp. 13-15) 
raised the possibility that a variety of forms (including 
the form species C. simplex and C. delicatus) may be 
“parts of an apparatus” of a single species. Their pro- 
posal seems reasonable, and it is possible that many 
of the forms and form species of Coleodus should be 
included within a single multi-element species. They 
further recognized two distinct types of elements as- 
sociated with another species (C.? sp. C), suggesting 
that Coleodus and related forms contained multi-ele- 
ment apparatuses. Klapper and Bergstrom (1984, p. 
974) “considered the possibility that [Coleodus and 
Archeognathus| were elements of the same appara- 
tus,” but this idea “requires additional evidence.” 

Elements included in Coleodus from the St. Peter 
Sandstone display morphologic variations categorized 
as follows: 1) long straight-bladed forms for most of 
length, relatively uniform denticulation, denticles 
fused except at tips, denticles uniformly reclined, rel- 
atively deep basal trough (PI. 2, fig. 13); 2) long slight- 
ly curved or arched multi-denticled forms, uniform 
height for most of length (diminishes posteriorly), 
small denticles mostly fused except at tips (may be 
completely fused in anterior or posterior regions), den- 
ticles reclined at similar angle, basal trough shallow 
and narrow (Pl. 2, fig. 16); 3) short slightly arched 
forms with few denticles (6-9), height and width 
varies with length (tapers posteriorly), denticles of 
nonuniform size, fused except at tips, denticles vari- 
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ably reclined (angle decreases posteriorly, i.e., less 
erect), broad shallow basal trough (PI. 2, fig. 14); 4) 
similar to category 3 except denticles increase in size 
and become more erect posteriorly, denticles variably 
fused and discrete (PI. 2, fig. 17); 5) relatively straight 
forms with discrete unfused sub-vertical denticles, 
prominent basal trough: 6) relatively straight forms 
with completely fused denticles (denticles may be in- 
distinguishable), upper margin forms ridge or blade, 
prominent basal trough: and 7) relatively straight 
forms, narrow bar at base bearing large sub-erect to 
curved discrete denticles, shallow basal trough (PI. 2, 
fig. 12). It remains speculative whether these morpho- 
logic variations represent more than one species of Co- 
leodus, or whether these forms can all be accommo- 
dated within a single multi-element species concept. If 
the latter option is followed, most of these forms 
should probably be referred to C. simplex Branson and 
Mehl. 

Some of the morphologic categories of Coleodus 
recognized in the St. Peter collections resemble forms 
described from other localities, but the species-level 
classification of these previously-described forms re- 
mains confusing. Coleodus simplex, the type species 
of the genus, was originally described by Branson and 
Mehl (1933a) from the Harding Sandstone of Colo- 
rado, and their cotypes have broadly arched blades 
bearing a completely fused fine vertical denticulation. 
However, Branson and Mehl (1933a, pl. 1, figs. 23) 
also included straight-bladed forms bearing slightly re- 
clined denticles (unfused at tips) within C. simplex 
(these forms resemble St. Peter category 1). Similar 
morphologies were also assigned to C. simplex from 
the Dutchtown Formation of Missouri (Youngquist and 
Cullison, 1946, pl. 90, fig. 16), the St. Peter Sandstone 
of Indiana (Rexroad ef al., 1982, pl. 2, fig. 12), anda 
queried reference from the Dutchtown Formation of 
Indiana (Ethington ef al., 1986, pl. 2, fig. 26). Addi- 
tional material referred to C. simplex includes slightly 
arched forms with nonuniform reclined denticles (un- 
fused at tips) from the Tyner of Oklahoma (Bauer, 
1989, fig. 4.5), straight forms with large unfused dis- 
crete nonuniform reclined denticles from the St. Peter 
Sandstone of Indiana (Rexroad er al., 1982, pl. 2. fig. 
11), and arched forms with completely fused vertical 
denticles from Siberia (Moskalenko, 1970, pl. IX, fig. 
8). As a form-species concept, it is clear that C. sim- 
plex has been used by various authors to encompass a 
broad range of morphologic variation. 

Branson and Mehl (1933b) described additional 
form species of Coleodus from the Joachim Formation 
of Missouri, C. delicatus and C.? levis. Coleodus de- 
licatus has a broadly arched profile with strongly re- 
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clined to curved fused denticles (inclination decreases 
posteriorly, t.e., less erect). Similar forms have been 
assigned to Coleodus delicatus from the Harding, Win- 
nipeg, and Dutchtown formations (Sweet, 1955, 1982; 
Ethington er al., 1986). C. pectiniformis was proposed 
as a new species from the Dutchtown Formation by 
Youngquist and Cullison (1946) for a form similar to 
C. delicatus but with a more arched blade and slightly 
less fused denticles; synonymy with C. delicatus 
seems likely. Similar forms from the Rockcliffe For- 
mation of Ontario were assigned to C. pectiniformis 
by Copeland er al. (1989), who also included a spec- 
imen with largely unfused discrete curved denticles 
within the species. Forms included within Coleodus 
show significant variation in the fusion of the denticles 
along the blade: 1) completely fused with indistin- 
guishable denticulation (as for C.? levis), 2) complete- 
ly fused denticles but individual denticles outlined by 
shallow furrows (like type C. simplex), 3) mostly fused 
denticles but with distal margins free (e.g., C. delicatus 
and many referred C. simplex), 4) partially fused den- 
ticles dominate but blade bears some unfused discrete 
denticles (e.g., C.? sp. C Ethington et al/., 1986), and 
5) unfused discrete denticles along most or all of blade 
(e.g., Rexroad et al., 1982, pl. 2, fig. 11; C. confinus 
Moskalenko, 1970). This spectrum of denticular fusion 
is also displayed in the St. Peter collections used for 
this study. 

A form with largely discrete denticles “‘much like 
Coleodus” from the Harding Sandstone was designat- 
ed a new genus and species by Branson and Mehl 
(1933a, p. 24), Neocoleodus spicatus. The status of 
this taxon remains uncertain, but the holotype is not 
congeneric with Archeognathus (Klapper and Bergs- 
trom, 1984, p. 968). As originally noted by Branson 
and Mehl (1933a), N. spicatus (holotype) shares sim- 
ilarities with Coleodus and conceivably may be syn- 
onymous. In particular, some forms included within 
categories 4 and 5 above (e.g., Rexroad et al., 1982, 
pl. 2, fig. 11; this study Pl. 2, fig. 17) display dentic- 
ulation similar to that seen in N. spicatus. Other forms 
assigned to various species of Neocoleodus (e.g., 
Youngquist and Cullison, 1946; Moskalenko, 1970) 
are more likely referable to Archeognathus (Klapper 
and Bergstrom, 1984, p. 968). An additional form 
from the St. Peter Sandstone of western Iowa (PI. 2, 
fig. 12) bears discrete denticles above a thin bar. The 
specimen displays a shallow basal trough and is ten- 
tatively labeled as cf. Coleodus sp., but it may alter- 
natively be allied with Archeognathus or represent a 
new taxon. The denticles are smaller and more gracile 
than those described for Archeognathus (Klapper and 
Bergstrom, 1984). 


Genus MIXOCONUS Sweet, 1955 
cf. Mixoconus species 
Plate 4, figures 8, 9 

Discussion.—Erect to reclined or slightly recurved 
coniform elements that bear longitudinal grooves and 
carinae are the second most abundant type of conodont 
elements recognized from the lower St. Peter shale unit 
at St. Paul, Minnesota (Loc. SP). The bases are unex- 
cavated or show a very shallow excavation. The ele- 
ments all flare outward to the basal margin forming 
one of two basal outlines. One type displays a circular 
or nearly circular basal outline (PI. 4, figs. 8, 9); some 
specimens are slightly lobate on the anterior surface. 
The other type shows an ovoid basal outline that is 
slightly lobate in anterior and posterior directions. The 
grooved and carinated character of the cusp and the 
slightly lobate aspect of the basal area are features 
shared with Mixoconus, and the St. Peter specimens 
are provisionally allied with that genus. However, the 
type and only described species of Mixoconus, M. pri- 
mus Sweet, 1955, is decidedly more lobate than the 
St. Peter forms (especially anteriorly) and displays 
more prominent rounded carinae. The St. Peter forms 
also share similarities with certain coniform Siberian 
species included within Stereoconus (especially S. cir- 
culus, S. turaensis, S. bicostatus) by Moskalenko 
(1970). The generic assignment of these Siberian 
forms is questionable, however, as the circular to ovoid 
basal areas and the circular to broadly ovoid cross sec- 
tion of the carinated cusps differ significantly from the 
type description of Stereoconus from the Harding 
Sandstone (Branson and Mehl, 1933a). Pending further 
study, the St. Peter and Siberian forms should probably 
be included within one or more new taxa. 


Genus STEREOCONUS Branson and Mehl, 1933a 


Stereoconus species 
Plate 4, figure 3 


Discussion.—A few specimens of fibrous laterally- 
compressed recurved coniform elements from the St. 
Peter Sandstone of western Iowa (CQ-739) and Min- 
nesota (SP-L, SP-U) are considered to belong to an 
unassigned species of Stereoconus. The surfaces are 
smooth, and the base displays a shallow basal depres- 
sion with rounded to slightly bulbous basal margins. 
The St. Peter specimens bear resemblance to the form 
species S. robustus Branson and Mehl, 1933a. 


Order and Family UNKNOWN 


Indeterminate Genus and species A 
Plate 1, figures 1, 5 


Discussion.—Four pectiniform elements from the 
lower St. Peter Sandstone (CQ-776.7) are not assigned 
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to any named taxon pending further comparative 
study. All specimens show one or two prominent ad- 
enticulate lateral processes extending downward and 
outward from the cusp, and all possess a basal groove 
under the full length of the element. The elements are 
albid, with white matter most abundant in the denticles 
and cusps. The largest and most complete specimen 
(Pl. 1, fig. 1) is a pastinate P element with a slightly 
bulbous lateral process. The cusp is proclined with a 
short anterior process (3 short denticles) and a more 
elongate posterior process (4 large suberect denticles, 
3 small distal denticles); the distal region of the pos- 
terior process is bent inward forming a hook-like 
curve. A second nearly complete specimen (PI. 1, fig. 


5) is similar, but it is pastinate with two short adenti- 
culate lateral processes. The anteror process possesses 
four small denticles, and the broken posterior process 
retains three large sub-erect denticles. Although these 
elements display many distinctive features, they are 
not clearly assignable to any known genus. The short 
adenticulate lateral processes bear a superficial resem- 
blance to the so-called “‘anticusps” of some forms of 
Erismodus (e.g., “E. typus,” ~“E. dutchtownensis”’; see 
Youngquist and Cullison, 1946; Andrews, 1967), but 
the “‘anticusps” of Erismodus are the anterior and pos- 
terior processes (cusp of Genus & species A angled in 
different plane). In addition, Erismodus is a hyaline 
form, whereas Genus and species A is albid. 
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Appendix.—Locality Register, St. Peter-Glenwood 
conodont collections. 


Loc. CQ. Camp Quest core D-21, Lemars; NW SW 
NW SW sec. 2, T92N, R45W, Plymouth Co., Iowa 
(stored at lowa DNR-Geological Survey). See Table 
1 and Text-figure | for sample depths. 

Loc. QM. Quimby core, NW NW NE sec. 34, T9ON, 
R41W, Cherokee Co., Iowa (stored at Iowa DNR- 
Geological Survey). Basal St. Peter sampled by T. 
H. Shaw. 

Loc. PT. Peterson No. | core, Vincent, Northern Nat- 
ural Gas; NE NE NE NW sec. 10, T 90 N, R 27 W, 


Webster Co., Iowa (stored at lowa DNR-Geological 
Survey). Sample depth 1209 ft, Glenwood Shale. 
Loc. DL. Hummell No. | core, Adel, Northern Natural 
Gas, NE NW NW sec. 18, T 79 N, R 28 W, Dallas 
Co., Iowa (stored at lowa DNR-Geological Survey). 
Sample depth 1747-1749 ft (D-1748), Glenwood 

Shale. 

Loc. SS. SS-9 core, Millbrook Farms, Cominco; NW 
NE NE sec. 29, T 84 N, R 1 E, Jackson Co., Iowa 
(stored at lowa DNR-Geological Survey). Sample 
depth 753 ft (SS-753), Glenwood Shale. 

Loc. CC. Cairo-Columbus Junction gas storage struc- 
ture, A. Jordan No. 1 core; SW NW NW SW sec. 
32, T 75 N, R 4 W, Louisa Co., Iowa (stored at 
Iowa DNR-Geological Survey). Sample depth 1021 
ft (J-1021), Glenwood Shale. 

Loc. GN. Guttenberg North, Great River Road X-56 
roadcut; NE SW NW sec. 32, T 93 N, R 2 W, Clay- 
ton Co., Iowa. Productive sample 1.2 ft below top 
of Glenwood Shale. 

Loc. SP. St. Paul, core 8099, Minnesota Geological 
Survey; NE NW NE sec. 6, T 28 N, R 22 W, Ram- 
sey Co., Minnesota. Samples collected by Olsen 
(1976) from shale unit about 45 ft above base of St. 
Peter Sandstone; SP-L includes lower samples (la- 
beled 0 to 13.5”); SP-U includes upper samples (la- 
beled 19.5—38.5"). 

Loc. SM. Smith No. 1, Northern Natural Gas; SW SE 
SW sec. 23, T 13 N, R 11 E, Sarpy Co., Nebraska 
(stored at Univ. Nebraska, Conservation and Survey 
Division). Sample depths 1158.3, 1159, 1161, 
1161.8 ft (S-1158, S-1159, S-1161, S-1162), Glen- 
wood Shale or upper St. Peter. 

Loc. OF Offutt Air Force Base core, U.S. Army Corps 
Of Engineers; SE SE NW, secadil= ala iNG@Ro3°B. 
Sarpy Co., Nebraska (stored at Univ. Nebraska, 
Conservation and Survey Division). Sample depths 
1949 ft (O-1949), Glenwood Shale; 1977 ft (O- 
1977), St. Peter Sandstone. 

Loc. HS. Hustead No. A-1 core; SE NE SE sec. 2, T 
2 N, R 16 E, Richardson Co., Nebraska (stored at 
Univ. Nebraska, Conservation and Survy Division). 
Sample depth 3579 ft (H-3579), St. Peter Sandstone; 
barren samples 3562, 3562.7, 3583.2 ft. 

Loc. CT. Carter No. 2-A Davis core; sec. 33, T 13 S, 
R 10 E, Wabaunsee Co., Kansas (stored at Kansas 
Geological Survey). Sample depths 3323 ft (C- 
3323), “Glenwood”; St. Peter samples 3358.2 ft 
(barren), 3358.7 ft (barren), 3381—3381.8 ft (bar- 
ren); 3386 ft (C-3386), 3387 ft (C-3387). See also 
“Unit A” fauna reported by Sweet (1992). 
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ABSTRACT 


Conodont faunas from the Scotch Grove—LaPorte City formations allow correlation to an interval in the Silurian standard 
conodont zonation ranging from the eopennatus Zone to within the Ozarkodina sagitta rhenana Superzone (Llandovery to lower 
Wenlock). The relationship between units in this study is complicated by both the presence of lateral facies relationships and 
diagenetic controls on the carbonate rocks in the study area. There does not appear to be a lithologic control on sparse conodont 


faunas. 
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INTRODUCTION 


Silurian carbonate rocks of eastern Iowa have been 
the subject of extensive lithostratographic study for 


over the past 150 years. The study area includes both 
outcrop and subsurface samples from eastern Iowa 
(Text-fig. 1). Earlier biostratigraphic analysis of the 
section has focused on brachiopod faunas, with limited 
attention being focused on conodont analysis for the 
sequence. The lowest occurrence of the brachiopods 
Pentameroides subrectus and Costistricklandia castel- 
lana in Iowa are suggestive of a mid- to late Telychian 
(late Llandovery; C; to C,) age (Johnson, 1979). The 
graptolite Monograptus priodon has been reported 
from the middle of the Scotch Grove in the Garrison 
Core (Witzke, 1981a). Unfortunately, the long range 
of this species (Telychian to Homerian) does not allow 
a correlation to the Silurian graptolite zonation. 

A paucity of conodont work can be attributed to the 
dominance of nearshore carbonates and pervasive do- 
lomitization. The sample coverage for most sections is 
minimal (Text-fig. 2), with the Delhi West Roadcut 
(DLH) having the most complete sample coverage for 
the section. Average sample sizes for the Delhi (DLH) 
section is 4 kilograms (core sample sizes were not 
available) and provided yields of, at most, one to two 
well-preserved platform elements per kilogram. The 
sample coverage includes samples from the lower and 
middle section of the LaPorte City Formation, and the 
Johns Creek Quarry, Welton, Buck Creek Quarry, and 
Waubeek members of the Scotch Grove Formation. 
Additionally, a sample from the overlying Gower For- 
mation is included. Although conodont yields are min- 
imal, the presence of some biostratigraphically diag- 
nostic species establishes an age for the Scotch Grove— 
LaPorte City sequence of eopennatus Zone through 
Ozarkodina sagitta rhenana Superzone of the Silurian 
Standard Conodont Zonation (Text-fig. 3). Further, this 
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Text-figure 1.—Locality Map. Locality abbreviations: GR (Garrison Core), H13 (Highway 13 section), BF (Bailey’s Ford section), DLH 
(Delhi West Section), JCQ (Johns Creek Quarry), WBK (Waubeek section), HNQ (Hanken Quarry), BN (Baldwin North), FMQ (Freeman 
Quarry) and BSQ (Beuse Quarry). See appendix for detailed locality information 


study will allow for preliminary correlations to be 
made with sections in basins further east that have 
been part of continuing work by Kleffner (1987, 1990, 
1991, 1994), 


STRATIGRAPHY 


Study of the Silurian sequence in lowa dates back 
to work by David Dale Owen in the 1840s and 1850s 
when he correlated strata to the Clinton and Niagara 
groups of New York state. The stratigraphic units con- 
tinued to be defined by New York nomenclature until 
the late 1890s, with the exception of the LeClaire 
Limestone (Hall and Whitney, 1858). During the late 


1890s and into the early twentieth century, the Lowa 
Geological Survey published new formal and informal 
stratigraphic units for the Silurian thereby developing 
a regional startigraphy removed from the New York 
based nomenclature. 

This study focuses on the Scotch Grove Formation 
(Text-fig. 4), a unit that was informally introduced by 
Witzke (198la, 1983) and formally introduced by 
Witzke (1985) for the ““cherty dolomite interval above 
the Picture Rock Member and below the base of the 
laminated and mounded dolomites of the Gower For- 
mation.”’ The LaPorte City Formation is dominated by 
limestone units in central Iowa that are correlative to 
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Text-figure 2.—Stratigraphy, position of conodont samples, oc- 
currence of brachiopod and graptolite taxa. GR (Garrison Core), H13 
(Highway 13), BF (Bailey’s Ford), DLH (Delhi West road cut), HNQ 
(Hanken Quarry), BN (North Baldwin), JCQ (Johns Creek Quarry), 
WBK (Waubeek), BSQ (Beuse Quarry) and FMQ (Freeman Quar- 
ry). Brick pattern represents limestone (LaPorte City Formation), 
lack of pattern represents dolostone (Scotch Grove Formation). 


the dolomitized upper Hopkinton and Scotch Grove 
formations (Text-fig. 5) and (Witzke, 198la). These 
units all were deposited in open marine conditions in 
subtidal environments and are associated with skeletal 
wackestone and packstone fabrics. The relationship 
between the limestone units of the LaPorte City and 
the dolostone facies of the Hopkinton and Scotch 
Grove have been described as resulting from diage- 
netic alteration. With subaerial exposure of the basin 
margins, an early influx of meteoric phreatic water dis- 
placed original marine pore fluids to prevent pervasive 
dolomitization of the LaPorte City Formation (Witzke, 
1981b; Ludvigson ef al., 1992). 

The Scotch Grove Formation is divided -into the 


Johns Creek Quarry, Welton, Buck Creek Quarry, 
Waubeek and Palisades-Kepler members (Text-figs. 4 
and 5). The Johns Creek Quarry Member is a thin 
(O.5—5.5 meters) dolomitic unit that includes thicker 
(5-15 meters) mound facies at the base of the Scotch 
Grove. The Johns Creek Quarry is overlain by fossil- 
iferous dolostones of the Welton Member (12.5—75 
meters) in the east and chert-rich dolostones of the 
Buck Creek Quarry Member (1-52 meters) in the 
west. There is also a facies relationship between the 
Palisades-Kepler Member (9—60 meters) that is com- 
prised of carbonate mound complexes and skeletal fa- 
cies that were shed from these “reefs” and the inter- 
mound facies of the Waubeek Member (12—17 meters). 

The Scotch Grove interval is associated with a ma- 
jor transgressive-regressive event at its base (Text-fig. 
4) and a second, lesser transgressive-regressive cycle 
in the upper Scotch Grove concurrent with deposition 
of the Waubeek and Palisades-Kepler members. The 
overlying Gower Formation is associated with depo- 
sition of laminated subtidal carbonates which formed 
during a mid-Wenlock regression. 


BIOSTRATIGRAPHY 


The Hopkinton Formation which underlies the 
Scotch Grove/LaPorte City formations in the study 
area has been assigned a Llandovery age (mid- to late 
Aeronian through early to mid-Telychian) based on oc- 
currence of pentamerid and _ stricklandid brachiopod 
faunas (Witzke, 1992). The low diversity conodont 
faunas in this study (Text-figs. 6 and 7) tend to be 
dominated by Panderodus. The Scotch Grove—LaPorte 
City formations span a range from Llandovery (early 
to mid-Telychian) through early Wenlock (mid- to late 
Sheinwoodian). The overlying Gower Formation does 
not contain biostratigraphically diagnostic faunas and 
has been suggested to have an age of mid-Wenlock at 
its base and ranging up to late Wenlock-Ludlow age 
at its top based on brachiopod faunas (Witzke, 1992). 

Faunas in the basal LaPorte City Formation are as- 
signed to the eopennatus Zone of Mannik (1998) 
based on the occurrence of Aulacognathus bullatus 
and A. kuehni in the Garrison Core (GR) in a sample 
that also contains elements of Ozarkodina polinclinata 
polinclinata. Samples from the lower LaPorte City 
from the Highway 13 outcrop (H13) and Bailey’s Ford 
(BF) are assigned to the eopennatus Zone on the oc- 
currence of Pterospathodus eopennatus. Both faunas 
also include elements of Ozarkodina polinclinata po- 
linclinata. The lower Scotch Grove—LaPorte City at 
the Delhi (DLH) outcrop contain faunas assigned to 
the eopennatus Zone based on occurrence of Apsidog- 
nathus tuberculatus and Pterospathodus eopennatus. 
This interval also contains Ozarkodina polinclinata 
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Text-figure 3.—Selected zonations for the late Llandovery and Wenlock with comparison to Iowa formations. 


polinclinata, Kockelella cf. K. abruptus and Disto- 
modus staurognathoides. The Delhi section includes a 
transition from the dolostone Scotch Grove Formation 
into the limestone LaPorte City Formation without no- 
ticeable changes in conodont faunas. The sample at 
DLH 6 contains platform (Pa) elements of both P. 
eopennatus and P. amorphognathoides angulatus re- 
sulting in assignment of a celloni Zone age as rede- 
fined by Mannik (1998), for the middle portion of the 
Delhi section. The co-occurrence of these two taxa 
may be a result of the sample interval or slightly dif- 
ferent ranges in the mid-continent of North America 
in comparison with Estonia. The occurrence of Ozar- 
kodina polinclinata polinclinata raises questions based 
on its occurrence with elements from distinctly eopen- 
natus and celloni zone faunas. Mannik (1992) identi- 
fied two subspecies of Ozarkodina polinclinata: Ozar- 
kodina polinclinata estonica that is restricted to the 
celloni zone and the nominal subspecies that is re- 
stricted to the amorphognathoides Zone. Only the 
nominal species is identified in these faunas, and it 
occurs at a significantly lower biostratigraphic level 
than that reported by Miannik (1992) in Estonia. The 


recovery of  Pterospathodus amorphognathoides 


amorphognathoides from the middle Scotch Grove at 
the Hanken Quarry (HNQ) indicates that at least part 
of the formation correlates with the amorphognathoti- 
des Zone. The Welton Member at the Baldwin North 
(BN) section contains Ozarkodina excavata excavata 
which can be assigned a Wenlock to Ludlow age 
(Lower K. ranuliformis Zone) of Jeppsson (1997). 
Samples from the Waubeek Member (upper Scotch 
Grove Formation) at the Freeman Quarry (FMQ) are 
placed in the Ozarkodina sagitta rhenana Superzone 
of Jeppsson (1997) based on the occurrence of the 
nominal subspecies. 

The limited faunas that have been recovered from 
the Scotch Grove—LaPorte City interval allow initial 
assessment of ages for these units. It is also noted that 
the Llandovery-Wenlock boundary falls within the 
middle to upper portion of this sequence. The bound- 
ary occurs somewhere below the base of the Waubeek 
and Palisades-Kepler and in the middle of the Welton 
members of the Scotch Grove Formation. 


SYSTEMATIC PALEONTOLOGY 


The suprageneric classification in this report follows 
that of Sweet (1988). Illustrated specimens are housed 
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(adapted from Witzke, 1992). 
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Text-figure 5.—Stratigraphic cross-section of Silurian units in east-central lowa. Control points include both core and outcrop sections. 
Datum shifts from base of Devonian in the west to base of Scotch Grove Formation in the east (adapted from Witzke, 1992). For lithologic 
symbols, see Text-figure 4. 


FORMATION SCOTCH GROVE / LAPORTE CITY: 


SAMPLE | DLH] DLH] DLH] DLH] DLH] DLH 
NUMBER 2 3 


SAMPLE WEIGHT (in kilograms) 
Panderodus sp 2 é 9 


Apsidognathus tuberculatus 


Ozarkodina polinclinata polinchinata 


Pterospathodus sp 


Pterospathodus eopennatus 


Kockelella cf. K. abruptus 


Distomodus staurognathoides 


P. amorphognathoides angulatus 


Oulodus sp 


Indeterminate Platform Element 


Indeterminate Ramiform Element 


Text-figure 6.—Conodont distribution within the Scotch Grove/LaPorte City formations at the Delhi West section (DLH). See Text-figure 2 
and appendix for sample levels. 
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FORMATION SCOTCH 


SAMPLE GR | GR} GR} GR 
NUMBER 437 | 408 | 404 | 392.5 


Panderodus sp | 124[ 9 | 1 4 10 fr 7 


GROVE / LAPORTE 


GR | GR | GR|H13} BF | JCQ 
384 -6| 362| 1 1 2 
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Text-figure 7—Conodont distribution within the Scotch Grove/LaPorte City and Gower formations at GR (Garrison Core), H13 (Highway 
13), BF (Bailey’s Ford), JCQ (Johns Creek Quarry), BN (North Baldwin), HNQ (Hanken Quarry), WBK (Waubeek), FMQ (Freeman Quarry 
also known as Pleasant Hill Quarry), and BSQ (Beuse Quarry). See Text-figure 2 and appendix for sample levels. 


in The University of lowa Paleontology Repository 
(SUI). 
Phylum CONODONTA Pander, 1856 
Class CONODONTI Branson, 1938 
Order OZARKODINIDA Dzik, 1976 
Family SPATHOGNATHODONTIDAE Hass, 1959 
Genus OZARKODINA Branson and Mehl, 1933 


Type species.—Ozarkodina confluens (Branson and 
Mehl, 1933) [=Ozarkodina typica Branson and Mehl, 
1933]. 


Ozarkodina polinclinata polinclinata (Nicoll and 
Rexroad, 1969) 
Plate 1, figures 24—26 


Spathognathodus polinclinatus Nicoll and Rexroad, 1969, p. 60, pl. 
2, fig. 19; 20: 


Ozarkodina polinclinata (Nicoll and Rexroad) Klapper in Ziegler, 
1977, p. 57-58, Ozarkodina pl. 3, figs. 5, 6; Kleffner, 1987, p. 
87, fig. 5, PM 17-22. 

Ozarkodina polinclinata polinclinata (Nicoll and Rexroad). Mannik, 
1992, p. 56-58, fig. 4, 1-28, fig. 5, 1-7, plate figs. 8, 10—20 (see 
synonymy). 


Discussion.—The most abundant platform taxa in 
these collections, representative elements from the en- 
tire apparatus as reconstructed by Cooper (1977), 
Kleffner (1987) and Mannik (1992) are present. The 
Pa element conforms to the description of the nominal 
subspecies of Mannik (1992) by exhibiting less fused 
denticles and a well-developed posteriorly inclined 
cusp. 

Collections.—14 and 2 questionable Pa elements, 10 
and 2 questionable Pb elements, 15 and 2 questionable 
M elements, 11 Sa elements, 12 and | questionable Sb 
element, 39 and 1 questionable Sc element from the 
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11-14. 


PLATE | 


. Walliserodus sp. 


1. Coniform element, lateral view. GR-444. SUI 94708. 


. Pseudooneotodus bicornis Drygant, 1974 


2. Conical element, upper oblique view. BSQ-bb. SUI 94709. 
3. Conical element, upper oblique view. BSQ-bb. SUI 94710. 
4. Conical element, upper oblique view. DLH-6. SUI 94711. 


. Pterospathodus eopennatus ssp. nov. 2 morphotype 4 Mannik, 1998 


5. Pa element, lateral view. H13-1. SUI 94712. 
6. Pa element, upper view. H13-1. SUI 94712. 


. Ozarkodina excavata excavata? (Branson and Mehl, 1933) 


7. M element, inner lateral view. WBK-5E SUI 94713. 


. Pterospathodus amorphognathoides angulatus (Walliser, 1964) 


8. Pb element, inner lateral view. DLH-6. SUI 94714. 
16. Pa element, upper view. DLH-6. SUI 94721. 
17. Pa element, upper view. DLH-6. SUI 94722. 


. Ozarkodina excavata excavata (Branson and Mehl, 1933) 


9. Pb element, inner lateral view. BN-4. SUI 94715. 
10. Pa element, lateral view. BN-4. SUI 94716. 
Ozarkodina sagitta rhenana (Walliser, 1964) 

11. Pa element, upper view. FMQ-top. SUI 94717. 

12. Pa element, lateral view. FMQ-top. SUI 94717. 

13. Sb element, inner lateral view. FMQ-top. SUI 94718. 
14. Sa element, inner lateral view. FMQ-top. SUI 94719. 


. Kockelella? sp. 


15. Sa element, inner lateral view. WBK-5F SUI 94720. 


. Kockelella cf. K. abruptus (Aldridge, 1972) 


18. Pa element, upper view. DLH-4. SUI 94723. 
19. Pa element, lateral view. DLH-4. SUI 94723. 
20. Pa element, upper view. DLH-8. SUI 94724. 


. Aulacognathus? bullatus (Nicoll and Rexroad, 1969) 


21. Pa element, upper view. GR-444. SUI 94725. 
22. Pa element, lower view. GR-444. SUI 94725. 


. Aulacognathus kuehni Mostler, 1967 


23. Pa element, upper view. GR-444. SUI 94726. 


. Ozarkodina polinclinata polinclinata (Nicoll and Rexroad, 1969) 


24. Pa element, inner lateral view. DLH-7. SUI 94727. 
25. Pb element, inner lateral view. DLH-5. SUI 94728. 
26. Sc element, inner lateral view. DLH-3. SUI 94729. 


27. Apsidognathus tuberculatus Walliser, 1964 


27. Pa element, upper view. DLH-1. SUI 94730. 


28. Kockelella ranuliformis (Walliser, 1964) 


2934, 35: 


28. Pa element, upper view. FMQ-3. SUI 94731. 
Aulacognathus bullatus (Nicoll and Rexroad, 1969) 

29. Sa element, inner lateral view. GR-444. SUI 94732. 
34. Pb element, inner lateral view. GR-444. SUI 94736. 
35. Pa element, upper view. GR-444. SUI 94737. 


. Distomodus staurognathoides (Walliser, 1964) 


30. Pa element, upper view. GR-392.5. SUI 94733. 


. Pterospathodus amorphognathoides amorphognathoides Walliser, 1964 


31. Pa element, upper view. IS-1. SUI 94734. 
32. Pb element, inner lateral view. IS-1. SUI 94735. 
33. Pb element, upper view. IS-1. SUI 94735. 


Magnifications all 40. 
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Delhi West (DLH), Garrison Core (GR), Highway 13 
road cut (H13), Bailey’s Ford (BF) and John’s Creek 
Quarry (JCQ). 


Family KOCKELELLIDAE Klapper in 
Clark et al., 1981 


Genus KOCKELELLA Walliser, 1957 
Type species.—Kockelella variabilis Walliser, 1957. 


Kockelella cf. K. abruptus (Aldridge, 1972) 
Plate 1, figures 18—20 


Spathognathodus cf. S. abruptus Aldridge, 1972, p. 212, pl. 4, fig. 8. 


Discussion.—Specimens in this study are similar to 
the specimen illustrated as Spathognathodus cf. S. 
abruptus by Aldridge (1972). Specimens may be an- 
cestral to Kockelella ranuliformis, only lacking devel- 
opment of large basal cavity. 

Collections. —2 Pa elements from the Delhi West 
section. 


Family PTEROSPATHODONTIDAE Cooper, 1977 
Genus PTEROSPATHODUS Walliser, 1964 


Type species.—Pterospathodus amorphognathoides 
Walliser, 1964. 


Pterospathodus amorphognathoides angulatus 
(Walliser, 1964) 
Plate 1, figures 8, 16, 17 
Spathognathodus pennatus angulatus Walliser, 1964, p. 79, pl. 14, 
figs. 19-22. 
Pterospathodus amorphognathoides angulatus (Walliser). Ménnik 
1998, p. 1015-1019, pl. 2, figs. 1-22, 24-31, text-figs. 7-8 (see 
synonymy). 


Discussion.—With revision of the Pterospathodus 
lineage, Mannik (1998) identified P. amorphognathoi- 
des angulatus as the initial member of the P. amor- 
phognathoides lineage. Specimens in this study exhibit 
a long blade with platform containing approximately 


20 denticles. Specimens in this study are most similar 
to the Mannik (1998) morphotype with tall denticles. 

Collections.—S Pa elements, 3 questionably as- 
signed Pa elements, | Pb element and 3 questionably 
assigned Pb elements, all from the Delhi West section. 


Pterospathodus eopennatus Mannik, 1998 
Plate 1, figures 5, 6 


Pterospathodus eopennatus Mannik, 1998, p. 1007-1013, pl. 1, figs. 
1-46, pl. 2, figs. 23, 32—41, text-figs. 4-6 (see synonymy). 


Discussion.—Specimens in this study are most 
closely related to Prerospathodus eopennatus ssp. nov. 
2 morphotype 4 of Mannik (1998, pl. 2, figs. 33, 38, 
41; text-fig. 6, L, O-P, U). The most characteristic fea- 
ture of this morphotype is a sharp decrease in denticle 
height just behind the cusp and posterior denticles be- 
ing considerably shorter. The short, almost triangular, 
Pb element associated with P. eopennatus is also pres- 
ent in these faunas. 

Collections. —6 Pa elements, 13 and | questionably 
assigned Pb element, 2 M elements and 8 symmetry 
elements from Delhi West, H13, and Bailey’s Ford. 


CONCLUSIONS 


Conodont faunas in this study allow assignment of 
the LaPorte City/Scotch Grove formations to an inter- 
val correlative to the eopennatus Zone through Ozar- 
kodina sagitta rhenana Superzone of the Silurian stan- 
dard conodont zonation (Text-fig. 3). There is a com- 
plicated stratigraphic relationship between the units in 
this study, due both to initial facies relationships be- 
tween members of the Scotch Grove Formation, and 
due to diagenetic alteration of the Scotch Grove com- 
pared to the limestones of the LaPorte City Formation. 
The conodont faunas are sparse in both lithologies. 
The presence of biostratigraphically diagnostic taxa 
gives some promise to more intensive study of this 
interval in the future, although this will involve the 
utilization of large sample sizes to get sufficient co- 
nodont faunas. 
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APPENDIX 


COLLECTING LOCALITIES AND SAMPLE INTERVALS 


Abbreviations used for stratigraphic units: Maq 
(Maquoketa Formation), Bl (Blanding Formation), 
Hop (Hopkinton Formation), SG (Scotch Grove For- 


mation), LPC (LaPorte City Formation), Gwr (Gower 


Formation), Wap (Wapsipinicon Group); BCQ (Buck 
Creek Quarry Member), WL (Welton Member), FC 
(Farmers Creek Member), PR (Picture Rock Member), 
JCQ (Johns Creek Quarry Member), Wbk (Waubeek 
Member), An-LC (Anamosa-LeClaire members undif- 
ferentiated). 


BF: 


BN: 


BSQ: 


DEH: 


Baileys Ford, Logan Quarry, Kuhlman Con- 
struction Co., SE sec. 9, T 88 N, R 5 W, Del- 
aware County; sample BF-1 taken 50 cm above 
base of LaPorte City Fm.; Hop (FC, PR), LPC. 
Ref: unpublished DOT log. 

Baldwin North, roadcuts and bluff exposures 
along Maquoketa River, NE sec. 3, T 84 N,R 
1 E, Jackson County; sample BN-4 from 1.5 
meters above the Callipentamerus-bearing bed 
in the succession; Hop (FC, PR), SG (WL). 
Refs: Witzke (1976, 1981a), Johnson (1977). 
Beuse Quarry, old quarry workings, NE SW 
NW sec. 28, T 80 N, R 5 E, Scott County; 
sample BSQ-bb from 1.2 meters above the base 
of quarry section; Gwr (An-LC). Ref: Witzke 
(198 la). 

Delhi West Roadcut, SW SW SW SW sec. 18, 
T 88 N, R 4 W, Delaware Co.; Sample intervals 
from the base of outcrop in meters are: DLH- 
1, 1.50-1.75; DLH-2, 2.47-2.57; DLH-3, 
2.67—2.82; DLH-4, 3.30—3.37; DLH-5, 3.71- 
3.76; DLH-6, 3.86—-3.98; DLH-7, 4.43—4.48; 


FMQ: 


GR: 


HNQ: 


ICQ: 


WBK: 


DLH-8, 5.23-5.38; DLH-9, 5.63—5.68; DLH- 
10, 6.41-6.50; DLH-11, 7.07—7.17; DLH-12, 
7.72—7.82; DLH-13, 7.97—8.02; SG, (BCQ), 
BRE: 

Freeman Quarry, old quarry bordering Plum 
River Fault Zone, NE SE SW sec. 20, T 83 N, 
R 2 W, Jones County; sample FMQ-3 is from 
75 cm below top of quarry, sample FMQ-top 
is the uppermost bed exposed at the quarry: SG 
(Wbk). Ref: Witzke (198 1a). 

Garrison core, Carbonate Hydrology Project, 
SW NW SW SW sec. 33; 1 85 N) RoliaW; 
Benton County; Sample intervals are indicated 
as depth in core (feet) in Text-figure 5; Maq, 
Bl, Hop, LPC, Wap. Ref: Witzke (1981la, p. 
504-506). 

Hanken Quarry, abandoned, NW NW NE sec. 
6, T 85 N, R 2 W, Jones County; sample IS-1 
is from the upper | meter in the quarry; adja- 
cent geest localities (fields and ravines), SW 
NE and NE NE sec. 6; SG (BCQ). Refs: Calvin 
(1896), Johnson (1977), Witzke (1976, 198 1a, 
1992). 

Johns Creek Quarry, Kuhlman Construction 
Co., type locality of Johns Creek Quarry Mem- 
ber, c E % SW sec. 36, T 88 IN; R 2 W, Du= 
buque County; sample JCQ-2 from lower 
Scotch Grove Fm.; Hop (FC, PR), SG GCQ; 
WL, BCQ geest). Refs: Johnson (1975, 1977, 
p. 140), Witzke (1976), Shaver et al. (1978). 
Waubeek exposures, roadcuts and bluffs along 
Wapsipinicon River upstream from Waubeek, 
type locality for Waubeek Member, NE sec. 17, 
T 85 N, R5 W, Linn County; sample WBK-5f 
is from the top of the exposure. Refs: Witzke 
(1981la, 1981b). 
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ABSTRACT 


The Frame Formation (Wristen Group) in southern Andrews County, Texas, comprises fine-grained carbonate slope deposits 
that span the Silurian-Devonian boundary. Conodont faunas from a core of the upper Frame in the Amoco Three Bar 74 well 
range in age from Pridoli (detorta Zone) into the middle Lochkovian (omoalpha Zone). The Klonk event of Jeppsson (1998) 
may be represented by an extinction or replacement event in the Frame Formation, as well as in equivalent shelf strata in southern 
Oklahoma, where diagnostic late Silurian conodont species, mostly coniform taxa, are abruptly replaced by characteristic Early 


Devonian species. This event precedes the appearance of /criodus postwoschmidti and may coincide with the Silurian-Devonian 


boundary. 


INTRODUCTION 


The Silurian-Devonian stratigraphic section in the 
Permian Basin region of West Texas and eastern New 
Mexico comprises over 2500 feet (760 m) of carbon- 
ates and shales that include prolific reservoirs and 
source rocks for hydrocarbons. Despite their economic 
importance, the time relations of the complex series of 
intergrading lithofacies that constitute this section are 
poorly known. The main reason for the paucity of 
chronostratigraphic control is the rarity of well cores 
from which well-constrained biostratigraphic data can 
be obtained. Previous works utilizing shelly fossils 
(Wilson and Majewski, 1960) and graptolites (Decker, 
1942, 1952) have placed these strata in a general time 
frame (COSUNA Project, Hills and Kottlowski, 1983). 
More recent research on conodont faunas has begun to 
clarify the ages of some Silurian and Devonian units 
(Barrick and others, 1993; Barrick, 1995; Meyer and 
Barrick, 2000; Meyer, 2002), but details of the place- 


ment of major chronostratigraphic boundaries, in par- 
ticular the Silurian-Devonian boundary, have remained 
unclear. 

Recent studies of depositional and diagenetic facies 
in Silurian and Devonian rocks in the Permian Basin 
region have developed a new understanding of the spa- 
tial distribution of major lithofacies units in the car- 
bonate-dominated Silurian to Lower Devonian section 
and an improved reconstruction of the depositional 
history (Ruppel, 1993; Ruppel and Holtz, 1994; Rup- 
pel and Hovorka, 1995; Ruppel and Barnaby, 2001). 
As part of a program to characterize hydrocarbons res- 
ervoirs on lands owned by the University of Texas, 
cores from the Three Bar Field in southern Andrews 
County, Texas (Text-fig. 1), which produces from the 
Lower Devonian Thirtyone Formation, were made 
available for study (Ruppel and Hovorka, 1995). In the 
course of this research, a core that includes over 150 
feet (46 m) of the underlying Frame Formation was 
obtained and has been processed for conodonts. Data 
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Text-figure. 1—Locality map showing location of the Amoco 
Three Bar 74 well in West Texas. Position of the edge of the Wristen 
(Fasken) platform margin from Ruppel and Holtz (1994, fig. 5) 


ANDREWS 
AMOCO 3-BAR 74 


slope 
deposits 


ECTOR 


30 miles 
ee 
0 40 km 


from this core permit resolution of the placement of 


the Silurian-Devonian boundary in this region as well 
as information on the significant changes in conodont 
faunas that occur during the “‘Klonk event’’ of Jepps- 
son (1998). 
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STRATIGRAPHIC SETTING 


Ruppel and Holtz (1994) outlined the overall geo- 
logical setting and depositional history of upper Silu- 
rian and Lower Devonian strata in the Permian Basin 
region (Text-fig. 2). During the Wenlock, tectonic sub- 
sidence transformed the Llandovery carbonate plat- 
form (Fusselman Formation) into a ramp that deep- 
ened to the south. In the outer ramp setting, nodular 
carbonate wackestones of the Wink Formation are 
overlain by the more distal, deeper water carbonates 
and shales of the Frame Formation. Continued subsi- 
dence during the late Silurian produced a deeper water 
basin to the present-day south, which was flanked on 
the north by shelf platform to steep ramp that sloped 
into the basin. Aggradation of the platform in central 
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Text-figure. 2.—Stratigraphic column of latest Ordovician (ORD.) 
through Devonian strata in the subsurface of West Texas. Ages of 
strata based largely on conodont faunas discussed in Barrick (1995), 
Meyer and Barrick (2000) and Meyer (2002). MISS. = Mississip- 
pian. 


Andrews County, Texas, and northward, as represented 
by the Fasken Formation produced a shelf margin in 
central Andrews County, from which skeletal debris 
was delivered by downslope transport into the Frame 
basin. Facies and geometries in the Fasken Formation 
show that the platform-margin buildups were primarily 
aggradational, and that relatively little progradation of 
the shelf margin occurred during the late Silurian and 
Early Devonian. 

The Wink Formation and possibly the lower part of 
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the Fasken Formation are Wenlock in age (Barrick, 
1995), but the ages of the Frame Formation in the 
basin and the upper part of the Fasken Formation on 
the shelf are poorly known. Sparse Ludlow to Pridoli 
conodont faunas have been reported from dolostones 
assigned to the Fasken Formation well north of the 
basin margin (Barrick, 1995), but no Devonian taxa 
have been recovered from beds assigned to the Fasken. 
No evidence of breaks in deposition and related dia- 
genetic alteration have been reported from the Fasken, 
and deposition appears to have continued without sig- 
nificant interruption from the Silurian into the Early 
Devonian on the platform. 

Decker (1942, 1952) described Silurian graptolites 
from dark shales that we assign to the Frame Forma- 
tion from two wells in Crane County, Texas (Text-fig. 
1). Finney (in Barrick et al., 1993) restudied Decker’s 
collections and reported that the graptolites ranged in 
age from late Silurian (no older than Ludlow) to as 
young as the Early Devonian (Pragian). Fragments of 
Icriodus Pa elements were obtained from dark shales 
of the Frame just above the Wink Formation in the 
Pegasus core in Midland County, Texas (Barrick ef al., 
1993). These biostratigraphic data suggest that depo- 
sition of dark shales and carbonates of the Frame con- 
tinued from the Ludlow into the Early Devonian and 
that the Silurian/Devonian boundary should le within 
the Frame Formation in the basin. 

Ruppel and Holtz (1994) indicated that a major rise 
in sea level took place in West Texas and eastern New 
Mexico during the Early Devonian, which is reflected 
in the distinctly deeper water character of the basal 
deposits of the Thirtyone Formation, especially on the 
shelf margin area in Andrews County. There, deeper 
water Thirtyone chert deposits overlie Fasken reef de- 
posits (EK J. Lucia, cited in Ruppel and Holtz, 1994). 
The Thirtyone Formation represents a thick wedge of 
cherts and siliceous carbonates that prograded south- 
ward into the basin during the Early Devonian (Ruppel 
and Holtz, 1994). The timing of the filling of the Thir- 
tyone basin is unclear. Shelly faunas suggest that the 
unit was deposited during the Early to Middle Devo- 
nian (Wilson and Majewski, 1960), but conodont fau- 
nas indicate only a Pragian age for the unit (Barrick, 
1995; Meyer, 2002). 


THE AMOCO THREE BAR 74 CORE 


In southern Andrews County (Text-fig. 1), the shelf 
facies of the Fasken shelf grade into the outer ramp to 
slope facies of the Frame Formation (Ruppel and 
Holtz, 1994, fig. 4). The Amoco Three Bar 74 well 
lies just south of the transition, where nearly 500 feet 
(152 m) of the Frame Formation is recorded by cut- 
tings and petrophysical logs. The base of the Thirtyone 


Formation is readily identified by its distinctive log 
signature (Ruppel and Holtz, 1994, fig. 10) at a depth 
of 8051 feet (2454 m) below sea level. Approximately 
150 feet (45.7 m) of shale and carbonate assigned to 
the Frame Formation were cored in the Amoco Three 
Bar 74 (Text-fig. 3). The top of the core lies at 8112 
feet (2472.5 m), 61 feet (18.6 m) below the top of the 
Frame, and extends down to 8258 feet (2517 m), near- 
ly 300 feet (91.4 m) above of the base of the forma- 
tion. The lithologic sequence of the cored interval is 
shown on Text-figure 3. In subsequent discussions, 
depth measurements are presented as feet below sea 
level, as this is the convention for subsurface work in 
the Permian Basin region of west Texas and eastern 
New Mexico. 

The lower portion of the cored interval (8258’ to 
8196’) consists of argillaceous and silty, slightly do- 
lomitic carbonate mudstones and wackestones. Below 
8235’ limestones are nodular bedded and interbedded 
with minor amounts of calcareous shale. From 8235’ 
to 8196’ the limestones are locally parallel-laminated 
or burrowed. At irregular intervals, angular clasts of 
skeletal to pelloidal carbonate mudstone occur. In con- 
trast to the matrix, the clasts appear to contain little 
terrigenous material. The clasts are most prominent in 
three intervals (8251.5'—8247'; 8224'-8221'; and 
8206’—8200'), but clasts occur as thin layers or indi- 
vidually at other levels. The clasts appear to represent 
lithified carbonate material that was eroded off the 
shelf margin and carried deeper onto the slope region 
by downslope transport. 

Thin crinoid-brachiopod packstone/grainstone beds 
appear at 8196’ and occur up to 8178’. The poorly 
sorted, slightly abraded skeletal grains are dominated 
by echinoderm and brachiopod debris and include os- 
tracods, trilobite and bryozoan grains, as well as pel- 
loids. The grainstone beds are interbedded with the 
typical Frame carbonate mudstones and wackestones, 
and may represent skeletal sands derived from the 
shelf margin. Above 8178’, slightly dolomitic lami- 
nated carbonate mudstones, wackestones, and rare 
packstones constitute the Frame Formation. In the up- 
per parts of the core, brachiopods, corals, and bryo- 
zoans are more common, and the matrix becomes 
more argillaceous and silty. At 8116’, a few clasts of 
peloidal skeletal grainstone, like those found lower in 
the Frame, occur. Log responses indicate no significant 
additional change in lithology in the uppermost part of 
the Frame Formation in the Three Bar 74 well. 

The overall succession of facies in the Three Bar 74 
core suggests only a possible slight shallowing upward 
pattern for the Frame Formation, probably moderated 
by sea-level fluctuations. This could be a result of 
moderate progradation of the shelf margin during the 
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Text-figure. 3.—Generalized lithologic column of the Frame For- 
mation in the Amoco Three Bar 74 core, Andrews County, Texas 
and ranges of important conodont species. Conodont zones and age 


assignments discussed in text. 


time the Frame was being deposited. However, it is 
unlikely that im situ shelf carbonates comprise any part 
of the Frame in this core, and we interpret the Frame 
here to represent a carbonate slope setting near the 
shelf margin. 


CONODONT FAUNA 


The core of the Frame Formation in the Amoco 
Three Bar 74 well was sampled for conodonts at one- 
foot (30 cm) and three-foot (90 cm) intervals. Previous 
handling of the core had obscured some footage in- 
dicators, which prevented sampling the entire core at 
one-foot intervals. Where the exact level in the core 
could be identified to the foot, a sample was taken and 
processed. Where the exact position of a core fragment 
was unclear, the material could be only be located 
within the three-foot interval given on the core box. 
In some instances, smaller one-foot samples and a 
larger sample including material from the three-foot 
interval were processed separately. As a result, nu- 
merous one-foot samples and fewer three-foot samples 
were processed. Ranges of significant conodont taxa 
are plotted on Text-figures 3 and 4. In only a few in- 
stances did the one-foot sampling reveal greater bio- 
stratigraphic resolution than the three-foot samples; 
these cases are noted below. Table 1 shows the number 
of conodonts recovered, recorded in three-foot inter- 
vals, and the relative abundance diagram (Text-fig. 5) 
is plotted at three-foot intervals. 

The presence of carbonate clasts and possibly skel- 
etal sands derived from an adjacent shelf margin sug- 
gests that minor admixing of conodont elements of 
different ages is possible. However, as the summary 
of faunas presented below indicates, we have not seen 
any evidence of conodonts of different zones occurring 
together. The carbonate material that was transported 
from the shelf setting into the slope environment of 
Frame deposition in the Three Bar 74 core must have 
been carried onto the slope soon after deposition, and 
in the case of the clasts, soon after early lithification. 

The lowest part of the core contains the typical late 
Silurian (Pridoli) fauna of Dvorakia amsdeni, Dapsi- 
lodus sp., Decoriconus fragilis, Belodella anfracta, 
and Panderodus sp. (Text-figs. 3 and 4; Table 1). Un- 
usual Pa elements that belong to an Ozarkodina ex- 
cavata-type apparatus occur as do a few Pa elements 
that are assigned to the O. remscheidensis group. Oul- 
odus elegans detorta, indicative of the latest Silurian 
detorta Zone, appears at 8252’. Ozarkodina? planilin- 
gua appears at 8233’ and ranges higher. Belodella 
coarctata appears and becomes relatively abundant at 
8231’; this species is characteristic of the upper detorta 
Zone in the Henryhouse Formation in Oklahoma (Bar- 
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Text-figure. 4.—Detailed lithologic column and conodont ranges 
across the Silurian-Devonian boundary interval in the Amoco Three 
Bar 74 core, Andrews County, Texas. See text for details about 
faunal changes and placement of the systemic boundary. Lithologic 
symbols given on Text-figure 3. 


rick and Klapper, 1992). An indeterminate, juvenile Pa 
element of /criodus occurs at 8219’. 

The most dramatic shift in conodont faunas occurs 
from 8213’ to 8207’ (Text-fig. 5). The three most char- 
acteristic species of the upper detorta Zone, Belodella 
coarctata, Dapsilodus sp., and Panderodus sp. disap- 
pear at 8211’—8212’. Only a single specimen of Pan- 
derodus occurs higher in the core (8197’—8200'). The 
highest collection with Oulodus elegans detorta 
(8213’—8210') includes Sc elements with two small 
denticles between some of the large denticles. This 
subspecies may disappear at this level, or just higher 
(8209’—8210'), where a few poorly preserved rami- 
form elements occur. At 8213’ Dvorakia philipi? ap- 
pears and at 8207’ Belodella cf. B. resima appears and 
becomes abundant. The low abundance of the ancestral 


species, D. amsdeni and B. anfracta, and poor pres- 
ervation make the position of the faunal transitions in 
Dvorakia and Belodella difficult to locate exactly. 
Ozarkodina remscheidensis, which was uncommon in 
the underlying beds, becomes a persistent part of the 
fauna at 8213’ and Ozarkodina? planilingua occurs in 
small numbers. Decoriconus fragilis becomes more 
abundant than below, and Pseudooneotodus beckman- 
ni, Which occurred sparingly below, rises to moderate 
abundance at 8207’. Robust ramiform elements that 
may be referred questionably to Oulodus cristagalli? 
appear in small numbers at 8207’ and range higher. 

Although a few indeterminate Pa elements and con- 
iform elements of /criodus appear lower, the first iden- 
tifiable species is /. postwoschmidti, which appears 
with the first skeletal grainstone layer at 8195’. Ele- 
ments of Icriodus postwoschmidti are moderately com- 
mon through the grainstone interval, but are less com- 
mon higher in the core. Associated with /criodus in 
the grainstone interval are variable proportions of Be- 
lodella sp. cf. B. resima, Pseudooneotodus beckmanni, 
Decoriconus fragilis, Ozarkodina remscheidensis, O. 
excavata?, O.? planilinuga, and Oulodus elements. 

Barrick and Klapper (1992) interpreted the appear- 
ance of /criodus postwoschmidti in Oklahoma to rep- 
resent the level of the Cordilleran eurekaensis Zone, 
based on the co-occurrence of this species with Pe- 
davis biexoramus, which is known from the eurekaen- 
sis Zone in Nevada (Murphy and Matti, 1983). /criod- 
us woschmidti, the diagnostic species of the wosch- 
midti Zone, was not recovered from the core, nor is it 
known from Oklahoma (Barrick and Klapper, 1992). 
Because of the broad geographic distribution of /criod- 
us postwoschmidti (see synonymy in Barrick and 
Klapper, 1992), a zone based on this species has broad- 
er application than the Cordilleran eurekaensis Zone 
and we employ it here (Text—fig. 3). The base of the 
postwoschmidti Zone is well correlated with the grap- 
tolite succession, because /. postwoschmidti appears 1n 
the middle of the Monograptus uniformis Zone in the 
Barrandian succession in Bohemia (Sch6nlaub, 1980) 
and in the upper range of the M. uniformis Zone in 
Podolia (Mashkova, 1970; Drygant, 1984). 

The conodont fauna of the skeletal grainstones per- 
sists into the carbonate wackestones and mudstones 
that lie above it, but /criodus declines in abundance. 
Icriodus eolatericrescens? occurs at only one level, at 
8165’—8162'. Lanea omoalpha first appears at 8150’ 
and recurs in the highest samples from the core, 
8117’—-8111'. This species is the zonal index for the 
omoalpha Zone as used by Murphy and Valenzuela- 
Rios (1999), which lies at the base of the middle Loch- 
kovian. 

In summary, the conodont fauna of the Frame For- 
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Text-figure. 5. 


Depth (feet) 


Relative abundance of major conodont taxa across the Silurian-Devonian boundary interval in the Amoco Three Bar 74 


core, Andrews County, Texas. Abundances plotted at three-foot intervals. Thin black areas between Pseudooneotodus and Ozarkodina represent 


the abundance of Dvorakia species. Belodella = 


B. anfracta and B. sp. cf. B. resima, coarctata 


Belodella coarctata. See text for details 


about change in faunal abundance. Intervals without conodonts, 8186'—8183' and 8231'—8228’, are omitted from text-figure 


mation in the Three Bar 74 core ranges in age from 
the Pridoli (late Silurian) into the middle Lochkovian 


(Early Devonian). Approximately 300 feet (91.4 m) of 


the Frame Formation lie below the cored section; these 
strata should be Ludlow to early Pridoli in age by 
stratigraphic position above the Wink Formation and 
below the cored interval. The base of the Thirtyone 
Formation lies some 60 feet (18.6 m) above the cored 
interval; the top of the Frame may span the middle 
and late Lochkovian and even extend into the Pragian. 


THE SILURIAN-DEVONIAN BOUNDARY AND 
THE KLONK EVENT 

The faunal transition across the Silurian-Devonian 

in the Frame Formation is similar to that reported by 

Barrick and Klapper (1992) from the Henryhouse-Har- 

agan formations in southern Oklahoma. Despite a dis- 


tinct, sharp faunal change near the inferred position of 
the Silurian-Devonian boundary, the exact position of 


this boundary is difficult to place. In Oklahoma and 


west Texas, at least four steps in the faunal transition 
occur in the same order though a thin stratigraphic 
interval and may represent steps in the Klonk event of 
Jeppsson (1998). 


Acme of Belodella coarctata in the upper 
part of the detorta Zone. 

Extinctions of Belodella coarctata, Dapst- 
lodus sp., Panderodus sp., B. anfracta, and 


step: liz 
Step 2: 


Dvorakia amsdeni. Appearance of B. cf. B. 
resima and D. philipr?. These events occur 
so close in the sections that their order has 
not been resolved. 
Step 3: Extinction of Oulodus elegans detorta. A 
biofacies shift to Decoriconus- and Pseu- 
dooneotodus-dominated faunas, with com- 
mon Ozarkodina remscheidensis group el- 
ements. Appearance of Oulodus cristagalli- 
like elements. 


Step 4: | Appearance of Icriodus postwoschmidti. 
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Barrick and Klapper (1992) found it difficult to lo- 
cate the Silurian-Devonian boundary exactly in the 
Henryhouse-Haragan section using these faunas, and 
the same is true for the Frame Formation in the Three 
Bar 74 core. Part of the problem is that the base of 
the Devonian cannot be precisely placed using cono- 
donts alone. Icriodus woschmidti, which is often used 
to help recognize basal Devonian strata, is well doc- 
umented to occur in uppermost Silurian strata, perhaps 
as low as the Monograptus transgrediens Interzone 
(Jeppsson, 1988). However, in Oklahoma and West 
Texas, only the presumed descendent of /. woschmidti, 
I. postwoschimdti is present. It appears just above the 
base of the Devonian (middle M. uniformis Zone). 
Oulodus elegans detorta, the first appearance of which 
defines the highest Silurian conodont zone, appears to 
range into the lowest Devonian beds at the Devonian 
stratotype section at Klonk and elsewhere (Jeppsson, 
1988, 1989). Jeppsson (1988, 1989) indicated that 
ramiform elements of O. e. detorta having two to three 
small denticles interspaced with major denticles may 
serve to distinguish latest Silurian from earliest De- 
vonian forms. However, the preservation of ramiform 
elements in the uppermost samples of the range of O. 
e. detorta in the Frame samples is poor and such el- 
ements are known from only one sample (8113’— 
8110’). 

Jeppsson (1998) proposed the *“Klonk Secundo 
Event” for the oceanic event that affected a variety of 
organisms, in particular graptolites and conodonts, at 
the end of the Silurian. He did not select a reference 
area, but indicated that it is best known in Bohemia, 
and that it could be recognized in Oklahoma, using 
data of Barrick and Klapper (1992). The Klonk event 
started at or near the replacement of Oulodus elegans 
elegans by O. e. detorta, based on observations of the 
conodont succession at Klonk (Jeppsson, 1988, 1989). 
Jeppsson (1998) also noted that Ozarkodina excavata 
dominates just before the end of the Silurian at Klonk 
and in the first Devonian fauna. He compared the dom- 
inance of Ozarkodina excavata in the Klonk Event 
with a similar dominance of this species in the last 
fauna just before recovery during the severe Mulde 
Event (Wenlock), which suggests that the recovery 
phase of the Klonk Event spanned the Silurian-De- 
vonian boundary. 

If the Klonk Event starts near the first appearance 
of Oulodus elegans detorta and extends into the ear- 
liest Devonian, then strata in the Three Bar 74 core 
and the Oklahoma sections span the entire event. No 
conodont faunal changes are evident in the lower part 
of the range of O. e. detorta in either area; all the 
faunal transitions occur in the uppermost part of the 
detorta Zone. The short range and acme of. Belodella 


coarctata is the most conspicuous feature of the upper 
part of the detorta Zone in the Three Bar 74 core and 
the Oklahoma sections. Jeppsson (1988) records a 
comparable acme of this species (B. mira in his pa- 
pers) that ranges from the upper part of the Mono- 
graptus trangrediens Interzone (Bed 10 at Klonk) and 
apparently peaks in the Post-M. trangrediens Interreg- 
num (Bed 14). There, the B. coarctata acme lies below 
the first occurrence of Oulodus elegans detorta in In- 
terbed 16/17, but the latter species occurs at only two 
levels, 16/17 and 19 in the Klonk section. The sparse 
occurrences of B. mira (B. coarctata) reported in In- 
terbed 16/17 and 19 at Klonk by Jeppsson (1988) are 
based on very poor material that is not considered to 
be diagnostic. At U topolu, Bed 3 (Chlupac er al., 
1972; Jeppsson, 1988), B. coarctata does dominate a 
sample bearing Oulodus e. detorta within the upper 
range of M. transgrediens. 

Conodont species comprising coniform elements 
from the Cellon section in Austria (Walliser, 1964) 
have never been described, but it is possible to make 
some observations about the range of Belodella spe- 
cies using comparative collections obtained by Jepps- 
son and Barrick from Cellon. Belodella coarctata oc- 
curs in samples 42A, 43C, and 47, ranging from well 
below the first occurrence of Oulodus elegans detorta 
(sample 45) as reported by Jeppsson (1988). Belodella 
cf. B. resima appears in sample 47 with the acme of 
B. coarctata and ranges higher, but the latter species 
is absent in samples 47A and 47B. Icriodus wosch- 
midti appears in sample 47B, and Monograptus uni- 


formis in sample 50. 


The data from Klonk, U topolu, and Cellon place 
the acme of Belodella coarctata as ranging from the 
uppermost part of the Monograptus transgrediens In- 
terzone into the lower part of the latest Pridoli Post- 
Monograptus transgrediens Interregnum. This may 
mark the first major step of the Klonk Event. Jeppsson 
(1988, 1989) indicated that Oulodus e. detorta appears 
high in the Monograptus transgrediens Interzone. 
However, because Oulodus e. detorta ranges well be- 
low the Belodella coarctata acme in our sections, we 
infer that the base of the detorta Zone lies somewhat 
lower, but still within the trangrediens Interzone. 

The extinction of Belodella coarctata and the ap- 
pearance of B. cf. B. resima occur during the Post- 
Monograptus transgrediens interregnum. Because 
Icriodus woschmidti may occur as low as the M. trans- 
grediens Interzone in the Barrandian (Jeppsson, 1988), 
the faunal events in West Texas and Oklahoma listed 
in Step 2 (above) may lie closer to the base of the 
Devonian than the first appearance of /. woschmidti. 
Note that juvenile, undiagnostic Pa elements of an 
Icriodus species occur at 8216'—8219' in the Three Bar 
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74 core and at Highway 77 in Oklahoma (Barrick and 
Klapper, 1992, table 3), below the faunal change of 
Step 2. 

The rise to dominance of Ozarkodina excavata re- 
ported by Jeppsson (1998) to mark the pre-recovery 
phase of the Klonk Event occurs in Bed 19 at Klonk, 
just below the base of the Devonian, the middle of 
Bed 20. In contrast, elements assigned now to Ozar- 
kodina excavata disappear just before the first appear- 
ance of Icriodus woschmidti at Cellon (Walliser, 1964, 
table 2). In Oklahoma, Ozarkodina excavata 1s uncom- 
mon in the detorta Zone but becomes moderately 
abundant in one sample just before Step 2, but locally 
disappears with the extinctions of Step 2. In the Frame 
Formation in the Three Bar 74 core, however, Ozar- 
kodina excavata is rare both below and above the po- 
tential boundary level. 

If the faunal transition discussed here is reliable for 
detailed biostratigraphic correlation, then the base of 
the Devonian should lie just above the faunal events 
of Step 2. Faunas characterized by Belodella anfracta, 
Dvorakia amsdeni, Dapsilodus and the acme of B. 
coarctata would be latest Pridoli in age. Faunas bear- 
ing Belodella sp. cf. B. resima and Dvorakia philipi 
and Oulodus elegans detorta elements with two or 
more small denticles alternating with large denticles 
would be earliest Lochkovian in age. Both faunas may 
lie within the time represented by the /criodus wosch- 
midti Zone in the existing conodont zonation. If this 
interpretation is correct, then the base of the Devonian 
in the Frame Formation in West Texas can be placed 
at approximately 8211’ in the Three Bar 74 core. 

The dramatic biofacies shift to Decoriconus- and 
Pseudoonoetodus-dominated faunas, which occurs at 
about the same level as the extinction of Oulodus ele- 
gans detorta (Step 3; at 8209 feet in the Frame), lies 
within the time interval represented by the /criodus 


woschmidti Zone, but above the base of the Devonian. 
No change in lithology or evidence of a disconformity 
coincides with this biofacies shift, which may repre- 
sent some later recovery step in the Klonk event. Step 
4 is the appearance of /criodus postwoschmidti, the 
first occurrence of which is a definitive indicator for 
the earliest Lochkovian (middle of the Monograptus 
uniformis Zone; see above). 

Application of this argument to sections in 
Oklahoma indicates that the placement of the Silurian- 
Devonian boundary by Barrick and Klapper (1992) 
should be changed. These authors placed the base of 
the Devonian to coincide with the conodont biofacies 
shift of Step 3, which matches approximately the 
abrupt turnover in the shelly faunas reported by Ams- 
den and Barrick (1988 and references cited therein) to 
coincide with the Henryhouse-Haragan formational 
boundary. Step 2 occurs slightly lower in their sec- 
tions, and using this as the correlated boundary places 
the base of the Devonian at sample 2B instead of 2D 
at the I-35 section, or 0.50 m lower (Barrick and Klap- 
per, 1992, text-fig. 3; table 1). 


SYSTEMATIC PALEONTOLOGY 


Most species discussed and illustrated in this paper 
have been well described in the literature, in particular 
in the paper by Barrick and Klapper (1992) on cono- 
dont faunas across the Silurian-Devonian boundary in 
Oklahoma. The species discussed below, however, are 
ones that have been subsequently described or revised, 
or represent forms that are not well known. The re- 
visions recommended by Murphy et al. (2004), how- 
ever, have not been incorporated. All illustrated spec- 
imens are reposited at the University of Iowa (SUI 
numbers). 


PLATE 1 


All specimens are from the Frame Member, Wristen Formation, Amoco Three Bar 74 well, Andrews County, Texas. All illustrations are 


60%. 


1. Ozarkodina remscheidensis (Ziegler, 1960)? 


1. SUI 98144, 8258 feet: lateral view of needle denticle Pa element morphotype. 


2, 9, 10. Ozarkodina remscheidensis (Ziegler, 1960) 


2. SUI 98145, 8195-8198 feet. lateral view of Pa element. 
9, 10. SUI 98146, 8258 feet. 9, upper view of broken Pa element; 10, lateral view. 
3, 4, 11, 12. Ozarkodina? planilingua Murphy and Valenzuela-Rios, 1999 
3, 4. SUI 98147, 8210-8213 feet: 3, upper view of Pa element; 4, lateral view. 
11, 12. SUI 98148, 8210-8213 feet. 11, upper view of Pa element with broken basal cavity rim; 12, lateral view. 


5-8, 13, 14. Lanea omoalpha Murphy and Valenzuela-Rios, 1999 


5, 6. SUI 98149, 8117 feet: 5, upper view of Pa element; 6, lateral view (specimen broken during photography). 
7, 8. SUI 98150, 8114 feet. 7, upper view of broken Pa element; 8 lateral view. 
13, 14. SUI 98151, 8150 feet. 13, upper view of Pa element, 14, lateral view. 
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Class CONODONTI Branson, 1938 
Order PRIONIODINIDA Sweet, 1988 
Family PRIONIODINIDAE Bassler, 1925 
Genus OULODUS Branson and Mehl, 1933b 


Oulodus elegans detorta (Walliser, 1964) 
Plate 3, figures 1—3 


Remarks.—The identification of Oulodus elegans 
detorta depends on the recognition of the presence of 
small denticles interspersed between large denticles on 
the processes. This feature appears gradually in pop- 
ulations of O. elegans, and alternating denticulation 
appears in the Sc elements before in the other ele- 
ments. Jeppsson (1988) recommends that if 10% of the 
O. elegans elements in a collection possess alternating 
denticulation, then the population should be assigned 
to O. elegans detorta. The small numbers and variable 
preservation of elements of O. elegans from the Three 
bar 74 core makes application of the 10% rule prob- 
lematic. The first Sc element with alternating dentic- 
ulation appears low in the core, 8252-8249 feet, but 
collections in which several of the elements clearly 
possess alternating denticulation occur much higher, at 
8213-8210 feet. The position of the base of the detorta 
Zone in the core is placed at 8252 feet, where the first 
Sc element with clearly alternating denticulation ap- 
pears. 


Order OZARKODINIDA Dzik, 1976 
Family SPATHOGNATHODONTIDAE, Hass 1959 
Genus LANEA Murphy and Valenzuela-Rios, 1999 


Type species.—Ozarkodina eleanorae Lane and Or- 
miston, 1979. 

Remarks.—Murphy and Valenzuela-Rios (1999) 
distinguish Pa elements of Lanea from those of similar 
taxa like Ozarkodina, by the presence of a distinct, 
broad terrace, a raised area extending from the blade, 
flanked by a sulcate brim, on the upper surface of the 
relatively large basal platform lobe. Unlike species of 
Ancyrodelloides, Pa elements of Lanea typically lack 
ridges or tubercules on the basal platform lobes. 


Lanea omoalpha Murphy and 
Valenzuela-Rios, 1999 
Plate 1, figures 5—8, 13, 14 
Ancyrodelloides omus alpha morph Murphy and Matti, 1983, p. 17, 
pl. 2, figs. 18-20 [imprint 1982]; Valenzuela-Rios, 1994, pl. 1, 
fig. 10. 
Lanea omoalpha Murphy and Valenzuela-Rios, 1999, p. 327, pl. 1, 
figs. 10-19, 23, 27-29, pl. 2, figs. 12-14. 


Remarks.—The Pa element of Lanea omoalpha has 
large basal platform lobes with the area of the platform 
terrace equal to greater than that of the brim. The basal 
cavity is unrestricted. The four Pa elements assigned 
here to this species possess the relatively large terrace 
characteristic of the species. Other Pa elements that 


PLATE 2 


All specimens are from the Frame Member, Wristen Formation, Amoco Three Bar 74 well, Andrews County, Texas. All illustrations are 


60. 
1—4, 7. Ozarkodina sp. | 


1, 2. SUI 98152, 8195-8198 feet. 1, upper view of Pa element; 2, lateral view. 
3, 4. SUI 98153, 8141-8143 feet. 3, upper view of Pa element; 4, lateral view. 


7. SUI 98154, 8141-8143 feet. 7, lateral view of Pa element. 


5, 6. Ozarkodina sp. 1? 


5, 6. SUI 98155, 8148 feet. 5, upper view of Pa element; 6, lateral view. 


8. Ozarkodina remscheidensis (Ziegler, 1960)? 
8. SUI 98156, 8198 feet. Lateral view of Pa element. 
9, 10. Ozarkodina excavata subspecies C 


9. SUI 98157, 8213-8216 feet. Lateral view of Pa element. 


10. SUI 98158, 8213-8216 feet. Inner lateral view of Pb element. 


11. Ozarkodina excavata subspecies A? 
11. SUI 98159, 8258 feet. Lateral view of Pa element. 
12-14. Ozarkodina excavata subspecies A 
12. SUI 98160, 8249-8252 feet. Inner view of Pb element. 


13. SUI 98161, 8249-8252 feet. Lateral view of Pa element. 
14. SUI 98162, 8249-8252 feet. Lateral view of Pa element. 


15. Ozarkodina wurmi (Bischoff and Sannemann, 1958) 
15. SUI 98163, 8116 feet. Lateral view of Pa element. 
16. Ozarkodina excavata subspecies B 


16. SUI 98164, 8228-8231 feet. Lateral view of Pa element. 
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have a terrace that approaches that of L. omoalpha in 
size were placed in the closely related species Ozar- 
kodina? planilingua. Lanea omoalpha appears at 8152 
feet in the Three Bar 74 core and occurs in the highest 
two samples of the core at 8117-8114 and 8114-8111 
feet. 


Genus OZARKODINA Branson and 
Mehl, 1933a 


Ozarkodina excavata excavata Branson and 
Mehl, 1933a 


Remarks.—Elements that can be assigned to Ozar- 
kodina excavata in the broadest sense occur sporadi- 
cally through the Three Bar 74 core. Despite their rar- 
ity, a variety of forms occur that are described here in 
open nomenclature. Murphy er al. (2004) discuss the 
nomenclatural and taxonomic problems associated 
with the O. excavata group. A few Pa and Pb elements 
resembling “typical” Ozarkodina excavata excavata 
occur only at the base of the core, at 8256’—8259' and 
in the postwoschmidti Zone (8171'—8165'). 


Ozarkodina excavata subspecies A 
Plate 2, figures 12—14 


Remarks.—This form includes small compressed Pa 
elements in which the lower margin of the element 
rises at mid-length and the posterior blade 1s elevated. 
A shallow, open basal cavity underlies entire posterior 
half of element. The anterior process bears 5 to 8 dis- 
crete, triangular, compressed denticles that are highest 
in the middle of the process and decline in height to- 
ward the cusp and anteriorly. The cusp is no larger 


than, or may be slightly smaller than, the 3 to 5 broad- 
ly triangular discrete denticles that lie on the posterior 
process. An associated Pb element is similar to Pb el- 
ements found with typical Ozarkodina excavata, but 
the processes are more widely spaced and denticles are 
triangular like those found on the associated Pa ele- 
ments. S elements associated with these Pa and Pb 
elements are typical for O. excavata, except that den- 
ticles are discrete and more widely spaced. These el- 
ements occur only in the interval from 8259-8249 feet 
in the Three Bar 74 core. 


Ozarkodina excavata subspecies B 
Plate 2, figure 16 


Remarks.—This form has large Pa elements in 
which the lower margin of the element rises at mid- 
length like that of subspecies A. The open basal cavity, 
though, is very shallow, almost flat. Breakage obscures 
the nature of the denticulation, but at least the lower 
parts of nearly equally sized denticles appear to be 
fused together. Subspecies B could represent a larger 
version of subspecies A, or a modified somewhat 
younger form. This form occurs in samples from 
8249-8245 and 8231-8225 feet in the Three Bar 74 
core. 


Ozarkodina excavata subspecies C 
Plate 2, figures 9, 10 


Remarks.—Subspecies C has a small strongly com- 
pressed Pa element that possesses a large reclined tri- 
angular cusp and a short posterior process. Only three 
to five relatively large denticles lie on the anterior pro- 


PLATE 3 


All specimens are from the Frame Member, Wristen Formation, Amoco Three Bar 74 well, Andrews County, Texas. All illustrations are 


60%. 


1-3. Oulodus elegans detorta (Walliser, 1964) 


1. SUI 98165, 8210-8213 feet. Inner view of Sc element. 


2. SUI 98166, 8210-8213 feet. Anterior-lateral view of detortiform element. 


3. SUI 98167, 8249-8252 feet. Inner view of Sc element. 


4-6. Oulodus cristagalli (Ziegler, 1960)? 


4. SUI 98168, 8178 feet. Inner view of walliseriform element. 


5. SUI 98169, 8178 feet. Inner view of Sb element. 

6. SUI 98170, 8178 feet. Inner view of M element. 
7. Ozarkodina sp. 1? 

7. SUI 98171, 8148 feet. Inner view of Pb element. 
8. Ozarkodina remscheidensis or O.? planilingua 


8. SUI 98172, 8210-8213 feet. Inner view of Pb element. 


9, 10, 12. Ieriodus postwoschmidti Mashkova, 1968 
9. SUI 98173, 8192 feet. Upper view of Pa element. 


10. SUI 98174, 8192-8195 feet. Upper view of Pa element. 


12. SUI 98175, 8192 feet. Upper view of Pa element. 
11. Icriodus eolatericrescens Mashkova, 1968 


11. SUI 98176, 8162-8165 feet. Upper view of Pa element. 
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cess, and three to four smaller denticles lie on the short 
posterior process. An associated Pb element is of the 
Ozarkodina excavata type, but is strongly compressed 
like the Pa element. S elements occurring with the Pa 
and Pb elements are small, and have delicate, closely 
spaced denticles. Subspecies C occurs in samples from 
8216 to 8210 feet in the Three Bar 74 core. 


Ozarkodina? planilingua Murphy and Valenzuela- 
Rios, 1999 
Plate 1, figures: 354; iil; 12 


[?]Ozarkodina remscheidensis remscheidensis (Ziegler, 1960) 
Uyeno, 1981, pl. 3, fig. 21-23, 29-33. 

Ozarkodina? planilingua Murphy and Valenzuela-Rios, 1999, p. 
326, pl. 1, fig. 1-9. 


Remarks.—Ozarkodina? planilingua was erected by 
Murphy and Valenzuela-Rios (1999) to include Pa el- 
ements that are similar to those of the Ozarkodina rem- 
scheidensis group of species, but differ in the posses- 
sion of a small raised area, the terrace, that extends 
from the blade. The surface of the brim, the lower area 
of the upper surface of the basal cavity, is larger in 
area than the terrace. Pa elements assigned here to O.? 
planilingua grade into Pa elements lacking a terrace/ 
brim that are placed here in O. remscheidensis, and 
confident identification of some specimens is problem- 
atic without SEM images. Pa elements assigned to O.? 
planilingua range through most of the cored interval, 
from the late Pridoli detorta Zone (8233-8231 feet) 
through the omoalpha Zone near the top of the Three 
Bar 74 core (8117-8114 feet). 


Ozarkodina remscheidensis (Ziegler, 1960) 
Plate 1, figures 2, 9, 10 


Remarks.—Pa elements that had formerly been re- 
ferred to Ozarkodina remscheidensis can now be as- 
signed to a number of species depending on the author. 
See Murphy er al. (2004) for discussion about this 
group of species. Specimens assigned to this species 
in this paper lack the attributes that characterize forms 
that have been separated from it. Considerable varia- 
tion exists among the Pa elements extracted from the 
core, but small size, breakage and poor preservation 
inhibits a thorough analysis of the group. Jeppsson 
(1988) restricted the use of the name O. r. eosteinhor- 
nensis to Pa elements that possess a rectangular basal 
cavity, one side of which bears a denticle or short pro- 
cess. No Pa elements of this type were recovered from 
the Three Bar 74 core. 

Most elements assigned to Ozarkodina remschei- 


densis have relatively even denticulation and a heart- 
shaped to subquadrate basal cavity. The white matter 
occupies the denticles and extends down into the blade 
as peg-like extensions from the centers of the denti- 
cles. Commonly, the white matter extends further 
down into the blade in the center of the element than 
towards the extremities of the processes. Diagnostic 
features of O. remscheidensis, according to Jeppsson 
(1988), are that the denticles on the anterior blade rise 
toward the anterior, as does the base of the white mat- 
ter below the denticles. The size and position of the 
basal cavity varies, but most specimens have a some- 
what restricted basal cavity that is located just poste- 
rior of midlength. These forms appear to grade into 
Ozarkodina? planilingua, but differ in that they lack 
the brim and terrace of that species. Specimens with a 
pinch zone on the blade show some constriction of the 
upper surface of the basal cavity where it joins the 
blade, but it does not extend around the outer margin 
of the basal cavity. 

Some specimens differ from the typical morphology 
and are included with question. In the lower part of 
the core (8258 feet), a few specimens occur with nu- 
merous needle-like denticles and a somewhat restricted 
basal cavity (Pl. 1, fig. 1). At the other extreme of 
variation are a few specimens that possess arched pro- 
cesses and extremely irregular coarse denticulation (PI. 
2 tig. 82 Sl98: feet): 


Ozarkodina species | 
Plate 2, figures 1—4, 7 


Remarks.—A group of Pa elements occurs in lower 
Lochkovian beds in the Three Bar 74 core that differs 
from the typical Ozarkodina remscheidensis morphol- 
ogy. These Pa elements have a larger, more quadrate 
basal cavity that extends further to the posterior and 
lacks a brim on the upper basal cavity surface. The 
few older examples of this form from the postwosch- 
midti Zone (8201-8195 feet) possess the same type of 
denticulation and white matter distribution as co-oc- 
curring specimens of O. remscheidensis. In younger 
beds, from 8171 feet and higher into the omoalpha 
Zone (Pl. 2, figs. 3, 4, 7), specimens assigned to Ozar- 
kodina species | are slightly more robust and possess 
fewer stout to triangular denticles than O. remschei- 
densis. The most obvious difference is that the Pa el- 
ement is mostly hyaline and the white matter is re- 
stricted to the cores of denticles in the middle of the 
blade. One specimen bears a short ridge on the pos- 
terior surface of the outer basal cavity surface (PI. 2, 
figs. 3, 4). However, in the same lower Lochkovian 
beds occur a few Pa elements that have a similar re- 
striction of white matter, but possess a more O. rem- 
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scheidensis-like basal cavity (Ozarkodina sp. 1?, Pl. 2, 
figs. 5, 6; 8148 feet). The Pb elements associated with 
O. species 1. (PI. 3, fig. 7) possess a larger cusp and 


lower processes than Pb elements occurring in faunas 
with O. remscheidensis and O.? planilingua (PI. 3, fig. 
8). 
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ABSTRACT 


The name Thornton Creek Member (Flume Formation) is proposed for the mixed clastic-carbonate stratigraphic package that 
onlaps Cambrian rocks and is overlain by typical carbonate ramp deposits of the upper Flume Formation beneath the isolated 
Ancient Wall reef platform in the Alberta Rocky Mountains of western Alberta, Canada. At Ancient Wall, the Thornton Creek 
Member is nearly 10 meters thick, records a single Transgressive-Regressive (T-R) cycle, and consists of three coarsening upward 
parasequences. Bioturbated clastic mudstones in parasequence | contain a restricted monospecific inner-shelf brachiopod fauna 
(Athyris sp.). Middle shelf sediments of parasequence 2 signify deposition during maximum flooding. The lower part of paras- 
equence 2 yields a low-diversity Athyris-dominated assemblage. The middle part of parasequence 2 yields the conodont Icriodus 
subterminus, associated with a diverse brachiopod fauna consisting of abundant shells of Eleutherokomma, Schizophoria (S.), 
and Athyris, with less common Cyrtina, Desquamatia (Independatrypa), Pseudoatrypa, Cranaena, Strophodonta, and ichnofossils 
suggestive of the Cruziana ichnofacies. Low-angle cross-stratified dolomitic sandstones capping parasequence 3 indicate shallow 
inner-shelf conditions and maximum shoaling. Faunal data indicate that deposition of this unit coincided with part of the Slave 
Point and lower Waterways formations elsewhere in central and northern Alberta, respectively, and Devonian T-R cycle Ma-2 of 
Day et al. (1996). Proposed new species of brachiopods from the Thornton Creek Member at Ancient Wall include Eleuthero- 


WwW 


komma wendtei n.sp. and Schizophoria (S.) stelcki n.sp. 


INTRODUCTION 


In this study we document the stratigraphy and fau- 
na from late Givetian age deposits of the Thornton 
Creek Member (new) of the Flume Formation at the 
Ancient Wall reef platform in the Alberta Rocky 
Mountains. These deposits yield faunas that suggest a 
correlation with the upper part of Devonian T-R cycle 
Ila of Johnson et al. (1985), designated as Devonian 
T-R cycle Ha-2 by Day er al. (1996) and Uyeno 
(1998), and central Alberta subsurface Beaverhill Lake 
Group Lower T-R Cycle A of Wendte et al. (1995). 
The late Givetian marine onlap of the West Alberta 
Arch represented by the Thornton Creek Member pre- 
dated the more widespread sea level rise that initiated 
upper Flume Formation carbonate ramp deposition in 
the Alberta Rocky Mountains and Swan Hills reef de- 
velopment in the Beaverhill Lake Group (see Uyeno 


and Wendte, this volume) in the subsurface of central 
and eastern Alberta during in the late Givetian—early 
Frasnian. 

Stratigraphic analysis of these previously unnamed 
deposits indicates that they make up a single third or- 
der depositional sequence comprised of three parase- 
quences. Sandy dolomitic mudstones of parasequence 
2 yield a moderately diverse brachiopod fauna asso- 
ciated with the conodont /criodus subterminus which 
suggests correlation with the upper part of the /criodus 
subterminus Fauna (Upper subterminus Fauna or the 
Upper disparilis Zone). 

Facies-stacking patterns within the Thornton Creek 
Member indicate progradation of mixed carbonate-sil- 
iciclastic deposits of middle and inner-shelf environ- 
ments prior to a latest Givetian-early Frasnian sea-lev- 
el rise that initiated Devonian T-R cycle IIb of Johnson 


124 BULLETIN 369 


et al. (1985). The most likely siliciclastic sediment 
source for the Thornton Creek Member is the West 
Alberta Arch that was ultimately onlapped and buried 
during the subsequent late Givetian transgression of 
Devonian T-R cycle IIb-1 of Day et al. (1996) that 
initiated carbonate ramp development of the upper part 
of the Flume Formation, and the Lower T-R cycle A 
of the Beaverhill Lake Group of Uyeno and Wendte 
(this volume). 

Responsibility for the biostratigraphic interpreta- 
tions and systematic descriptions and authorship of 
new brachiopod taxa rests with J. Day. Other portions 
of the text are entirely co-authored. 
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REGIONAL GEOLOGIC SETTING OF 
WESTERN ALBERTA 


During the Middle Devonian, Western Canada was 
located at near-equatorial latitudes, within the south- 
east trade wind belt, along the meridionally oriented 
western margin of Laurussia (Heckel and Witzke, 
1979; Witzke and Heckel, 1989; Scotese and Mc- 
Kerrow, 1990). Major paleotectonic elements that in- 
fluenced patterns of sedimentation in Alberta include 
the West Alberta and Peace River Arches (Text-fig. 1). 
These have been interpreted as passive tectonic fea- 
tures after the Middle Devonian but the West Alberta 


Arch was apparently tectonically active during the 
Late Cambrian and in the Early and Middle Devonian 
(Aitken, 1993). 

Middle Devonian carbonate sedimentation began 
east of the West Alberta Arch during the ‘*Taghanic 
onlap event” (Switzer et al., 1994). A broad open to 
restricted marine carbonate ramp represented by the 
Slave Point and lower part of the Waterways forma- 
tions was deposited across eastern and central Alberta 
(Text-fig. 2; Braun et al., 1989; Switzer et al., 1994; 
Norris and Uyeno, in Day ef al., 1996; Uyeno and 
Wendte, this volume). Incised valley fill and sabkha 
deposits of the Yahatinda Formation were deposited 
on the eastern flank of the West Alberta Arch (Text- 
fig. 2; Aitken, 1966; Elliott and Johnson, 1997; Elliott 
et al., 2000). The first isolated carbonate platforms, the 
Swan Hills reefs, aggraded atop the Slave Point or 
Watt Mountain formations and basinal facies (shales 
and mixed carbonate-siliciclastics) of the Waterways 
Formation filled in around the reefs (Text-fig. 2; Swit- 
zer et al., 1994). Overlying the Swan Hills reefs and 
Waterways Formation are deposits of the Cooking 
Lake platform and Leduc reefs (Text-fig. 2; Campbell, 
1992; Wendte, 1992, 1994; Switzer et al., 1994). 

A regionally extensive carbonate ramp first devel- 
oped on the west side of the West Alberta Arch during 
the latest Givetian (Skeletognathus norrisi Zone) to 
early Frasnian and is represented by the overlying 
shelf carbonates of the upper Flume Formation above 
the Thornton Creek Member at Ancient Wall (Text-fig. 
2; Whalen et al., 2000a). The Flume Formation ap- 
pears to correlate with the Swan Hills reefs (Cook, 
1972; McLean and Klapper, 1998; Whalen ef al., 
2000a). Subsequently early-late Frasnian carbonate 
platform and reefal facies of the Cooking Lake and 
Leduc equivalent Cairn and Southesk formations ac- 
cumulated on the Flume Formation ramp (Text-fig. 2; 
Weissenberger, 1994; McLean and Klapper, 1998; 
Whalen ef al., 2000a). These younger units record iso- 
lated and attached early-middle Frasnian carbonate 
platform development in the vicinity of the West Al- 
berta Arch (Text-fig. 1). 

The isolated Ancient Wall platform is one of the 
westernmost detached carbonate platforms in Alberta 
(Text-fig. 1) and it experienced greater differential sub- 
sidence due to its paleogeographic position on the con- 
tinental shelf with respect to the continental margin 
hingeline (McLean and Mountjoy, 1993; Whalen er 
al., 2000b). The Thornton Creek Member comprises 
the basal Devonian unit underlying the Ancient Wall 
platform and constrains the timing of the initial Giv- 
etian onlap of the West Alberta Arch in the Canadian 
Rocky Mountains of Alberta. 

Previous sequence stratigraphic analyses of the 
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Text-figure 1—Location maps. A. Detailed location map of the overthrust belt in western Alberta illustrating the locations of the Miette 
and Ancient Wall platforms (after Mountjoy, 1965). The thick black line indicates the location of the stratigraphic cross section along the 
southeast margin of the Ancient Wall platform (Text-fig. 3). B. Map illustrating the location of Upper Devonian isolated and attached carbonate 
platforms in the Alberta basin. Buildups located west of the barbed line (=eastern limit of Laramide thrusting) are exposed in the Canadian 
Rocky Mountains. The type section of the Thornton Creek Member of the Flume Formation is located along the southeastern margin of the 
Ancient Wall platform (after Mountjoy, 1980; Geldsetzer, 1989; Switzer et al., 1994). 


Miette and Ancient Wall platforms documented six 
Frasnian depositional sequences that were interpreted 
as 3rd order cycles (Text-fig. 3; van Buchem er al., 
1996; Whalen ef al., 2000a,b). These sequences record 
different styles of platform development, from aggrad- 
ing ramp to prograding, backstepping and aggrading 
isolated platforms, to a prograding ramp phase, that 
were controlled by episodic continental margin subsi- 
dence and the 2nd order eustatic sea-level trend (van 
Buchem et al., 1996; Whalen et al., 2000b). Major sea 
level rises that initiated deposition of these six se- 
quences coincide with Devonian T-R cycle IIb, Hc and 
IId sea-level events of the Johnson curve (Johnson ef 
al., 1985, 1991; McLean and Mountjoy, 1993; Whalen 
et al., 2000a,b). Faunal evidence suggests that depo- 
sition of the Thornton Creek Member appears to cor- 
relate with the upper subcycle of Johnson er al.’s 
(1985, 1991) T-R cycle Ia, designated as T-R cycle 
Ila-2 by Day ef al. (1996). 


STRATIGRAPHY OF THE THORNTON CREEK 
MEMBER AT ANCIENT WALL 


The type section of the Thornton Creek Member of 
the Flume Formation (Section A in cross-section of 
Text-figs. 3 and 4-A) consists of approximately 10 m 
of mixed carbonates and siliciclastics overlying the 
Cambrian Lynx Formation and underlying ramp car- 
bonates typical of the remainder of the lower Flume 
Formation on the southeast margin of the Ancient Wall 
platform along the western flank of the West Alberta 
Arch (Text-figs. 1, 3, 4 and 5). Faunal data outlined 
below suggest correlation of this new member with 
part of the Slave Point Formation in northern Alberta 
and the southern Northwest Territories (NWT) and the 
late Givetian lower part of the basin-filling Waterways 
Formation in the subsurface of eastern Alberta. 

At Ancient Wall, the Thornton Creek Member over- 
lies five meters of unfossiliferous dolomitic siltstone 
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Text-figure 2.—Upper Devonian stratigraphic nomenclature for 
the Rocky Mountains, western Alberta and the central Alberta sub- 


surface (after Switzer et al., 1994). The Thornton Creek Member of 


the Flume Formation in the Alberta Rocky Mountains is equivalent 
to the basal Waterways Formation in the central Alberta subsurface 


to fine-sandstone of indeterminate age that overlays 
finely laminated Upper Cambrian dolomitic mudstones 
of the Lynx Formation (Text-figs. 4 and 5; Aitken, 
1966). The contact between the Devonian and older 
Paleozoic rocks, locally a discontormity, is regionally 
an angular unconformity with progressively younger 
Paleozoic rocks underlying Devonian rocks to the east 
and west of the West Alberta Arch (McLaren, 1953; 
Pugh, 1973). 


FACIES 


Three mayor lithofacies comprise the Thornton 
Creek Member at its type section (Text-figs. 3, 4 and 
5). These are: 1) laminated to burrowed argillaceous 
dolo-mudstone and calcareous shale, 2) fossiliferous, 
bioturbated, quartzose (silty to sandy) dolo-mud/wack/ 
packstones, and 3) dolomitic sandstones (Text-figs. 4 


(=Lower T-R cycle A of Wendte et al., 1995, and Uyeno and and 5). The laminated to burrowed argillaceous dolo- 


Wendte, this volume). mudstone and calcareous shale are dark gray to dark 


brown, laminated to thin bedded, dominantly unfossil- 
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Text-figure 3.—Cross-section of Middle and Upper Devonian strata along the southeast margin of the Ancient Wall platform illustrating 
lithostratigraphy, the sequence stratigraphic subdivision, and general lithofacies. Locations of measured stratigraphic sections are indicated by 
letters and graduated lines. The type section of the Thornton Creek Member of the Flume Formation of this report (indicated by diagonal 
ruled pattern at the base of the cross section) is the lower part of stratigraphic section A. Conodont sample locations and zones are indicated 
within ovals next to measured sections. Conodonts from Thornton Creek Member suggest a correlation with the late Givetian Upper subrerminus 
Fauna, younger conodont samples are correlated with Frasnian Montagne Noire (M.N.) zones of Klapper (1989). Ancient Wall platform 
sequences are indicated by alternating dark and light shades of gray. Slope and basin sequences are indicated by alternating white and stippled 
patterns. Thick, dashed black lines indicate sequence boundaries. Thin black lines within platform sequences indicate parasequence boundaries. 
The abbreviation C/M in the lithostratigraphy column on the left stands for the Cairn and Maligne formations (after Whalen er al., 2000a,b). 
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Text-figure 4.—A. Outcrop photograph of the type section of the Thornton Creek Member of the Flume Formation (=section A illustrated 
in Text-fig. 5). Note the cyclic pattern of three parasequences comprising calcareous shale and argillaceous dolo-mudstones, overlain by 


quartzose dolo-mud/wackestones, and capped by dolomitic sandstones. Parasequences thin upward but internally facies coarsen and beds 
thicken upward. B. Field photograph of abundant Thallasinoides burrows (arrows) observed in argillaceous dolo-mudstones of the second 4th 
order parasequence. C. Field photograph of abundant silicified fossils (arrows) present in the quartzose dolo-mudstones and wackestones of 


the second parasequence. 


iferous except for locally abundant trace fossils con- 
sisting of simple indeterminate sub-horizontal burrows 
and burrow complexes of the ichnogenus Thallasino- 
ides. The quartzose dolo-mud/wackestones are medi- 
um gray to brown, thin to medium bedded, commonly 
thoroughly bioturbated, but locally contain abundant 
Thallasinoides burrows. Locally, this facies also con- 
tains monospecific to moderately diverse brachiopod 
assemblages described below. The dolomitic sandstone 
facies is medium to light gray or brown, thick bedded, 


well sorted, and either bioturbated or contains low- 
angle tabular sets of tangential cross-laminae. 


PARASEQUENCES 


The facies described above comprise three shallow- 
ing-upward cycles or parasequences (Text-figs. 4 and 
5). Within each parasequence facies coarsen and beds 
thicken upward while individual parasequences thin 
upward. Facies grade upward from calcareous shale 
and argillaceous dolo-mudstones, to quartzose dolo- 
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Text-figure 5.—Base of stratigraphic section A measured in 1998 (Text-fig. 3) illustrating the type section of the Thornton Creek Member 
(new unit) of the Flume Formation. Diagram illustrates thickness, grain-size, and clastic and carbonate lithologies, and third and fourth order 


cycle hierarchy. Shaded triangles illustrate variations in accomodation space in third (sequence) and fourth order (parasequence) cycles. Key 


to abbreviations in grain size/carbonate rock type column: C, St, Sd, G, B indicate clay, silt, sand, gravel, and boulder respectively, where M, 
W, P. G, F/R indicate mudstone, wackestone, packstone, grainstone, and floatstone/rudstone respectively. 


mud/wackestones, to dolomitic sandstones. Facies 
stacking within each parasequence is gradational and 
thinning-upward shales and argillaceous dolo-mud- 
stones are interbedded with quartzose dolo-mud/wack- 
estones. Marine flooding surfaces are indicated by the 
abrupt juxtaposition of argillaceous dolo-mudstone or 
calcareous shale above one or more parasequence-cap- 
ping beds of dolomitic sandstone. The dolomitic sand- 
stones increase in thickness and represent a greater 
proportion of each parasequence upsection. 
DEPOSITIONAL ENVIRONMENTS AND 
SEQUENCE STRATIGRAPHY 
The sedimentologic and paleontologic data provide 
criteria for interpretation of depositional environments 


and sequence stratigraphy. The laminated to thin-bed- 
ded, sparsely fossiliferous, argillaceous dolo-mud- 
stones and calcareous shales contain little evidence of 
Wave and current activity and record restricted to open 
marine conditions. The quartzose dolo-mud/wacke- 
stones yield both brachiopods and ichnofossils (Thal- 
lasinoides), and record dominantly open marine con- 
ditions. The lack of wave- and current-generated struc- 
tures might be attributed to intense bioturbation, there- 
fore position with respect to fair-weather wave base is 
equivocal. The bioturbated to cross-bedded dolomitic 
sandstones are interpreted to indicate deposition above 
fair-weather wave base, most likely in the middle to 
upper shoreface. The facies-stacking pattern within 
each parasequence records a change from restricted 
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Text-figure 6.—Faunal data from stratigraphic section A illustrating the stratigraphic positions of the low-diversity restricted-marine Athyris 
Fauna (Table 1, samples 1F and 2F) and moderate diversity, open marine Eleutherokomma-Schizophoria brachiopod Fauna (Table 1, sample 


3F), conodont, and trace fossils. Abbreviations as in Text-figure 5. 


shallow marine conditions to subtidal open marine 
conditions below fair-weather wave base, to shallow 
Open-marine conditions within fair-weather wave base. 

The sedimentologic and faunal data imply that the 
three parasequences represent one genetic sequence 
(Text-figs. 5 and 6). Parasequence | and the lower por- 
tion of parasequence 2 are interpreted as a Transgres- 
sive System Tract (TST) recording initially restricted 
and then open marine conditions (Text-fig. 5). The 
low-diversity Athyris-dominated faunas recovered 
from those intervals support this interpretation. Max- 
imum flooding occurs within the upper part of paras- 
equence 2 as indicated by the diverse and open-marine 
brachiopod fauna dominated by Eleutherokomma, 
Athyris, and Schizophoria (Text-figs. 5 and 6). The up- 
permost part of parasequences 2 and all of parasequ- 


ence 3 (Text-fig. 5) are interpreted as High-Stand Sys- 
tem Tract (HST). The thinning-upward nature of the 
parasequences and the increase in thickness and pro- 
portion of dolomitic sandstone upsection (Text-figs. 4 
and 5) indicate progradation and decreasing accom- 
modation space. 


CONODONT AND BRACHIOPOD FAUNAS OF 
THE THORNTON CREEK MEMBER 


CONODONTS 


The base of the ramp carbonates of the Flume For- 
mation at the Ancient Wall reef complex is correlated 
by McLean and Klapper (1998) with the norrisi Zone 
(=Lowermost asymmetricus Zone of the older cono- 
dont zonation) (Text-fig. 7). Uyeno (1987) recovered 
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Text-figure 7.—Diagram illustrating the Middle to Late Devonian 
conodont zonation, western Alberta lithostratigraphy, and a second 
order sea level curve. The second order curve also illustrates a series 
of higher-frequency transgressive-regressive (T-R) cycles document- 
ed in North America and Europe (Ila-d of Johnson er al., 1985). 
Transgressive-Regressive Cycle Ila was subdivided into T-R cycles 
Ila-1 and Ila-2 by Day er al. (1996). Conodonts recovered from the 
Thornton Creek Member of the Flume Formation suggest correlation 
with the Upper subterminus Fauna was deposited during T-R cycle 
Ha-2 (after Johnson ef al., 1985; Day ef al., 1996; McLean and 
Klapper, 1998). 


Pandorinellina insita in the basal Flume Formation at 
the Cold Sulphur Spring section (see his fig. 28, GSC 
samples 12NBd and 12Nbe) approximately 25 km 
southeast of the Ancient Wall reef complex. 

At the type section of the Thornton Creek Member, 
the conodont /criodus subterminus was recovered in 
sample 3F (parasequence 2) in association with bra- 
chiopods of the Eleutherokomma-Schizophoria Fauna 
described below. The position of the Thornton Creek 
Member (with /criodus subterminus) below the base 
of the ramp carbonate succession of the remainder of 
the Flume suggests a pre-norrisi Zone correlation 
within the interval of the late Givetian Upper subter- 
minus Fauna. Pandorinellina insita or other species of 


the late Givetian norrisi Zone have not been recovered 
in sequence from Flume carbonates overlying the 
Thornton Creek Member in our samples from section 
A at Thornton Pass. 

The Upper subterminus Fauna is a shallow-water 
conodont fauna considered to be equivalent to all or 
part of the Upper disparilis Zone of the Devonian co- 
nodont zonation (Johnson and Klapper, im Johnson, 
1990). The first occurrence of Polygnathus angustidis- 
cus with Icriodus subterminus, below the first occur- 
rence of Pandorinellina insita and/or Skeletognathus 
norrisi, defines the interval of the Upper subterminus 
Fauna of Witzke er al. (1985). 


BRACHIOPODS 


At the proposed type section (section A, Text-figs. 
3—6) at Thornton Pass south of the Ancient Wall, reef 
platform brachiopods were recovered from parasequ- 
ences | and 2 of the Thornton Creek Member (Text- 
fig. 6; Table 1). The low-diversity assemblages of sam- 
ples 1F and 2F (Table 1; Text-fig. 6) consisting of 
Athyris sp. or A. vittata are designated as the Athyris 
Fauna. The moderately diverse fauna of sample 3F 
(Table 1; Text-fig. 6) from the upper part of parase- 
quence 2 is referred to as the Eleutherokomma-Schi- 
zophoria Fauna. 

Athyris Fauna 

Mudstones in the lower part of parasequence | (Ta- 
ble 1, sample 1F) yield shells (partially decalcified) of 
Athyris sp. Dark gray dolomitic mudstones in the low- 
er part of parasequence 2 (Table 1, sample 2F) yield 
a similar low-diversity brachiopod assemblage con- 
sisting entirely of Athyris vittata from 4.9—5.1 meters. 
This monospecific assemblage suggests restricted ma- 
rine conditions during initial transgression, and is sim- 


Table 1.—Late Givetian brachiopod faunas in the Thornton Creek Member (samples 1F—3F) and overlying carbonates of the Flume Formation 
(sample 4F) at the type section of the Thornton Creek Member, Thornton Pass, Jasper National Park, Alberta. 


Sample number 1F 2F 3F 4F 
Sample elevation (m above base of Devonian) 19) 49 5.2-6.5 
Athyris sp. 29 0 0 0 
A, vittata 0 25 210 0) 
Eleutherokomma wendtei n.sp. 0 0) 266 0) 
Schizophoria (S.) stelcki n.sp. 0 0) 98 10) 
Desquamatia (Independatrypa) sp. 0 0 3 0 
Pseudoatrypa sp. ct. P. gigantea 0 0 18 10) 
Cyrtina triquetra 0 10) 54 10) 
Cranaena sp 0 0) 7] 10) 
Strophodonta (S.) sp. 0 10) ] 10) 
Athyris sp. cf. A. simplex (0) (0) 0 27 
Total specimens per sample 29 25 657 27 
Weight of sample acidized 8 kg I kg 
Parasequence 1 2 2 4 
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ilar to other coeval inner-shelf, shallow-water brachio- 
pod associations dominated by Athyris and shallow- 
water conodont associations of the Upper subrerminus 
Fauna. These include athyroid faunas reported from 
the Devils Gate Limestone at Devils Gate (Drake, 
1978; Johnson er al., 1980, p. 89) in central Nevada, 
and the Gizzard Creek Member of the Coralville For- 
mation in central Iowa (upper part of the Tecnocyrtina 
Fauna of Day, 1992, p. 75). 


Eleutherokomma-Schizophoria Fauna 


The overlying, moderately diverse brachiopod as- 
semblage in the middle and upper parts of parasequ- 
ence 2 is referred to as the Eleutherokomma-Schizo- 
phoria Fauna (Table 1, sample 3F). This fauna occurs 
in quartzose dolo-mud/wackestones from 5.2 to 6.5 
meters above the base of the type section. Elements of 
the Eleutherokomma-Schizophoria Fauna are associ- 
ated with the conodont /criodus subterminus and trace 
fossils including Thallasinoides. The Eleutherokom- 
ma-Schizophoria Fauna is dominated by the spiriferid 
E. wendtei n. sp. and the orthoid Schizophoria (S.) 
stelcki n. sp.; less abundant are: Athyris vittata Hall 
(1850), Cyrtina triquetra Hall (1860), the atrypoids 
Pseudoatrypa sp. cf. P. gigantea and Desquamatia 
(Independatrypa) sp., the terebratuloid Cranaena sp., 
and a single poorly preserved specimen of Stropho- 
donta (S.) sp. The middle-shelf brachiopod fauna and 
ichnofossils in the middle and upper parts of parase- 
quence 2, above the sparse faunas of parasequence | 
and lower part of 2, support the interpretation of max- 
imum flooding (highstand) during deposition of this 
part of parasequence 2. 

Our proposed correlation of the Thornton Creek 
Member of the Flume Formation with the Upper sub- 
terminus Fauna suggests that Eleutherokomma wendtei 
n. sp. is the oldest species of the genus known in west- 
ern Canada. The only North American species that is 
older than E. wendtei n.sp. is E. extensa described 
from the late Givetian Onate Formation in the northern 
Sacramento Mountains of southern New Mexico by 
Cooper and Dutro, 1982). The slightly older clastic 
shelf and basinal deposits of the Onate were deposited 
during the initial transgression of Devonian T-R cycle 
Ila, or T-R cycle Ila-1 of Day et al. (1996), based on 
data and correlations presented in Day (1988, 1989b, 
1992, 1998). All previously described species of genus 
Eleutherokomma Crickmay, 1950, in western Canada 
are from deposits spanning the interval correlated with 
the norrisi Zone (latest Givetian) through Montagne 
Noire Zone 9-10 (upper part of middle Frasnian). 

The occurrence of Pseudoatrypa sp. aff. P. gigantea 
(Webster, 1921) in the Thornton Creek Member (Table 
1, sample 3F) in western Alberta is slightly younger 


than occurrences of P. gigantea in the upper part of 
the Little Cedar Formation of central and eastern Iowa. 
There it occurs in the interval of the Neatrypa water- 
looensis Zone (Day, 1992, 1996) associated with co- 
nodonts of the Lower subterminus Fauna. Similar 
forms reported by Warren and Stelck (1956) and Nor- 
ris (1963, in Norris and Uyeno, 1981) are all from the 
younger latest Givetian and early Frasnian deposits of 
the Waterways Formation in northeastern Alberta (see 
below). 

The subtidal marine brachiopod fauna of the Thorn- 
ton Creek Member indicates development of fully 
open marine conditions along the western margin of 
the West Alberta Arch, associated with a major trans- 
gression in the interval of the Upper suwbterminus Fau- 
na in the late Givetian, prior to the widespread trans- 
gression that initiated Devonian T-R cycle Ib of John- 
son et al. (1985). The overlying carbonates of the re- 
mainder of the Flume were deposited during T-R cycle 
IIb. 

Athyroid, atrypoid, rhynchonellioid and spiriferoid 
brachiopods have been described from carbonate fa- 
cies making up most of the Flume Formation at a va- 
riety of locations in the Alberta Rocky Mountains 
(McLaren, 1954, 1962; McLaren et al., 1962), and the 
undifferentiated Flume Formation of southeastern Brit- 
ish Columbia (Maurin and Raasch, 1972). Brachiopod 
assemblages from the lower part of the undifferenti- 
ated Flume Formation at the Kawka and Cecelia lakes 
areas of eastern British Columbia (illustrated in Maur- 
in and Raasch, 1972) are dominated by atrypoid bra- 
chiopods and are of similar age to the Thornton Creek 
Member whose fauna is dominated by athyrioid, spi- 
riferoid, and orthoid brachiopods, and smaller propor- 
tion of atrypoids. 

North and northeast of the West Alberta Arch, 
sparse brachiopod faunas consisting of two to three 
species are reported from coeval deposits of the late 
Givetian Slave Point Formation in northern Alberta 
and the southern N.W.T (Text-fig. 8). The low diver- 
sity of the Slave Point brachiopod fauna associated 
with conodonts of the suwbterminus Fauna indicates 
more restricted conditions in those parts of the Western 
Canadian Sedimentary basin. 


CORRELATION OF THE THORNTON CREEK 
MEMBER, FLUME FORMATION 


NORTHEASTERN BRITISH COLUMBIA 


The lower part of the Flume Formation in the Kak- 
wa-Cecilia lakes area of eastern British Columbia 
(B.C.) has been correlated with the Slave Point For- 
mation of northeastern Alberta and the Pine Point area 
of the southern NWT (Text-fig. 8) by Norris and 
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Text-figure 8—Correlation chart for late Givetian and early Frasnian units in western and central North America showing proposed corre- 


lations of the Thornton Creek Member (new unit) of the Flume Formation. See text discussion for references on the stratigraphy and biostra- 
tigraphy of units shown. Transgressive-Regressive Cycles Ila and IIb after Johnson er al. (1985), and subdivisions after Day et al. (1996) and 
Uyeno (1998). Conodont zones after Klapper (1989), and Klapper and Johnson, in Johnson (1990). Abbreviations, from left to right: FRASN. 
= Frasnian; MN = Frasnian Montagne Noire conodont zones of Klapper (1989); FM. = Formation; Mb. = Member; N.E. = Northeast; S.W. 


= Southwest. 


Uyeno (in Braun et al., 1989, see area 8 of their text- 
fig. 2), and other coeval late Givetian units in central 
Canada and the central and western United States by 
Day (1997, 1998). The brachiopod sequence in the 
Flume at the Kakwa Lake and Wallbridge Mountain 
sections of Maurin and Raasch (1972) indicates that 
the faunas that include the brachiopods Tecnocyrtina 
missouriensis raaschi, Cyrtina triquetra, Schizophoria 
(S.) “‘meeki,” with species of Desquamatia (Indepen- 
datrypa), Pseudoatrypa, and possibly Desquamatia 
(Seratrypa) of their Assemblage I] and most of As- 
semblage II, are correlative with the Slave Point For- 
mation of northern Alberta and the southern NWT, and 
the Thornton Creek Member of the Flume Formation 
in the Rocky Mountains of western Alberta. The co- 
nodont fauna and biostratigraphy and detailed analysis 
of the carbonate sedimentology and sequence stratig- 
raphy of the Flume Formation in the Kakwa Lake and 
Wallbridge Mountain sections of northeastern British 
Columbia have yet to be fully documented. 


CENTRAL ALBERTA 


Based on the conodont and brachiopod faunas, the 
Thornton Creek Member can be correlated with strata 
making up the basal Waterways Formation in the sub- 
surface of central Alberta (Text-fig. 8). There shales 
and carbonates make up the basal Beaverhill Lake 
Group Transgressive-Regressive (T-R) cycle Lower A 
of Wendte ef al. (1995, fig. 2) and Uyeno and Wendte 
(this volume, Text-fig. 6) that yields conodonts of the 
Upper subterminus Fauna. Consequently, deposition of 
the Thornton Creek Member and the lower Waterways 
Formation in the subsurface of eastern and central Al- 
berta (Uyeno and Wendte, this volume, Text-fig. 4) 


coincided with the deepening event initiating Devo- 
nian T-R cycle Ha-2 of Day er al. (1996). A recent 
sequence stratigraphic analysis by Potma et al. (2001) 
defined three depositional sequences within the Beay- 
erhill Lake Group. Based on the limited biostratigraph- 
ic data provided in Potma er al. (2001), the Thornton 
Creek Member seems to correlate with the lower part 
of their Beaverhill Lake Group Sequence 1. 


WESTERN ALBERTA SUBSURFACE 


Based on information summarized in Elliott and 
Johnson (1997, pp. 183-184) and Elliott et al. (2000, 
pp. 123-124), it is possible that part of the Yahatinda 
Formation in parts of western Alberta may represent 
peritidal or terrestrial coastal plain equivalents of the 
Thornton Creek Member of the Flume Formation 
(Text-fig. 2). Spore and vertebrate data cited in Elliott 
et al. (2000) are equivocal and do not permit precise 
correlation with the marine conodont sequence, and 
hence could be somewhat older than the Flume For- 
mation and the basal Waterways Formation in the cen- 
tral Alberta subsurface. Recent study of the Yahatinda 
Formation in south-central Alberta identified a series 
of twelve intertidal-supratidal dolostone couplets, nine 
of which were interpreted as paleosol chronosequences 
(Williams and Krause, 2000). The base of the Yaha- 
tinda section is a shallow subtidal to intertidal wack- 
estone that unconformably overlies the Cambrian El- 
don Formation (Williams and Krause, 2000). The low- 
er seven Yahatinda couplets display carbon isotopic 
signatures that reflect a marine carbon source, but the 
signature abruptly changes to a continental source in 
couplet eight (Williams and Krause, 2000). Overlying 
couplets contain green friable shales interpreted as ma- 


THORNTON CREEK MEMBER: DAY AND WHALEN 133 


rine or restricted marine mudstones, implying renewed 
marine influence and possibly transgression (Williams 
and Krause, 2000). The marine succession of the 
Thornton Creek Member may correlate with the all or 
a portion of the first seven Yahatinda couplets and the 
underlying wackestone identified by Williams and 
Krause (2000). The continental influence recorded in 
couplet eight of Williams and Krause (2000) could 
represent either the relative fall of sea level that ter- 
minated the Thornton Creek Member (i.e., T-R cycle 
Ila-2) deposition or, perhaps, the early Frasnian ex- 
posure surface reported at the top of the Utopia Mem- 
ber of the Flume Formation by Noble (1970) and Cook 
@972): 


NORTHEASTERN ALBERTA 


In the Wood Buffalo National Park area in north- 
eastern Alberta, conodonts recovered from the Slave 
Point Formation include Polygnathus angustidiscus 
and Icriodus subterminus (=Upper subterminus Fau- 
na) below strata of the Waterways Formation (Text- 
fig. 8) with conodonts of the Pandorinellina insita 
Fauna (Norris and Uyeno, 1983; Norris and Uyeno, in 
Day et al., 1996). In outcrop, the Slave Point Forma- 
tion of northern Alberta yields a sparse brachiopod 
fauna that suggests more restricted conditions in this 
region of the northern platform than in western Alberta 
and eastern British Columbia. Norris (1965; in Norris 
and Uyeno, 1981, 1983; in Day et al., 1996) and Day 
(1998) reported a sparse megafauna from the Slave 
Point Formation in both northern Alberta and equiv- 
alents in the southern NWT that includes Desquamatia 
(Independatrypa) sp. cf. D. UI.) independensis, Eman- 
uella vernilis, and the coral Grypophyllum macken- 
ziense, associated with ostracodes of the late Givetian 
DM 9 Biozone of Braun (see discussion of ostracode 
faunas and correlations by Braun, in Braun ef al., 
1989). 


NORTHWEST TERRITORIES—GREAT SLAVE LAKE AND 
POWELL CREEK AREA 


In the Pine Point area along the south shore of Great 
Slave Lake, the Amco Member of Slave Point For- 
mation unconformably overlies the **Watt Mountain” 
Formation (Text-fig. 8) and consists of blue-gray, high- 
ly argillaceous skeletal mudstone and wackestones, 
and variably fossiliferous sandy mudstones (Braun et 
al., 1989; Norris and Uyeno, in Day et al., 1996: Nor- 
ris, 1998). Lantos (1983) reported Polygnathus aft. P. 
brevilaminus (=P. angustidiscus) from the Amco 
Member in the Pine Point in the subsurface of the area, 
which permits correlation with the Upper subterminus 
Fauna (see discussion by Uyeno in Day et al., 1996; 


Uyeno, 1998). Uyeno’s (1998, p. 156) samples from 
the undivided Slave Point there did not yield cono- 
donts. The Thornton Creek Member would correlate 
with the lower part of the Allochthonous Beds in the 
Powell Creek area of the central Mackenzie River Val- 
ley, based on the occurrence of conodonts of the Low- 
er subterminus Fauna by Uyeno (1979, 1998) and Mc- 
Lean and Klapper (1998). 


GREAT BASIN—CENTRAL AND EASTERN NEVADA 


Equivalents of the Thornton Creek Member in the 
Great Basin of the western United States (Text-fig. 8) 
include part of the Upper Denay Limestone and Guil- 
mette Formation of central and eastern Nevada, re- 
spectively, and part of the Devils Gate Limestone at 
its type section near Eureka, Nevada (not shown in 
Text-fig. 8). Brachiopod faunas of the Lower Tecno- 
cyrtina Community of Johnson (1990, figs. 2 and 35) 
are associated directly with conodonts of the Upper 
disparilis Zone in the Upper Denay Limestone in mea- 
sured sections III, IV, V, and X in the Antelope Range 
of central Nevada (see Johnson ef al., 1980, fig. 4: 
Johnson et al., 1996, fig. 3). The associated brachiopod 
and conodont faunas above characterize late Givetian 
Great Basin Devonian Faunal Interval (FI.) 27 of 
Johnson (1977, 1990), Johnson et al. (1980), and John- 
son and Trojan (1982). The Devonian (Pragian-Fa- 
mennian) succession in the Antelope Range of central 
Nevada was selected as the principal reference suc- 
cession (Johnson et al., 1996) for global eustatic sea 
level cycles (Devonian Transgressive-Regressive Cy- 
cles Ia to IIb of Johnson er al., 1985). Although John- 
son et al. (1996, p. 8, fig. 3) did not formally subdivide 
Devonian T-R cycle Ila of Johnson et al. (1985), they 
outlined lithologic evidence for an intra T-R cycle Ha 
deepening event coinciding with the first occurrence 
of brachiopods and conodonts of Great Basin Devo- 
nian EI. 27 just above bed 1340 in their “Upper V” 
section. Day et al. (1996) designated this intra T-R 
cycle Ila deepening event as Devonian T-R cycle Ila- 
2, based on stratigraphic and biostratigraphic analysis 
of cratonic carbonate platform successions in Iowa, 
Manitoba, and northern Alberta and the southern NWT 
of western Canada. 

LaMaskin and Elrick (1997) identified eleven Giv- 
etian through early Famennian sequences within the 
Guilmette Formation of eastern Nevada and western 
Utah. Their analysis suggested that the second se- 
quence (sequence 2 of their figs. 2, 10, 11) was de- 
posited during the disparilis Zone and may have been 
initiated by T-R cycle Ia-2 of Day ef al. (1996). Cor- 
relation of this sequence is equivocal because samples 
through that interval are zonally indeterminate. How- 
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Text-figure 9.—Paleogeographic maps showing facies distributions in western and central Alberta during the upper Middle (late Givetian) 
to lower Upper Devonian (Frasnian). Palinspastically restored thrust faults in the Rocky Mountains are shown in southwestern parts of each 
map. A. Late Givetian: the West Alberta Arch was emergent and served as a sediment source for the Yahatinda Formation and the Thornton 
Creek Member of the Flume Formation. The area underlying the southeast margin of the Ancient Wall platform was inundated by the late 
Givetian transgression of T-R cycle Ha-2 of Day er al. (1996), followed by open marine waters where mixed carbonate-siliciclastic units of 
the Thornton Creek Member were deposited. East of the West Alberta Arch initial Swan Hills reefs were deposited surrounded by carbonate 
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ever, their sequence 2 is bracketed by sequences that 
yield diagnostic conodont faunas (LaMaskin and El- 
rick, 1997), and based on its stratigraphic position it 
appears to be correlative with the Thornton Creek 
Member of the Flume Formation. 


CENTRAL CANADA—WILLISTON BASIN OF MANITOBA 
AND SASKATCHEWAN 


In southwestern Manitoba, equivalents of the Thorn- 
ton Creek Member of the Flume Formation are the 
argillaceous limestone beds of the Point Wilkins Mem- 
ber of the Souris River Formation (Text-fig. 8). The 
diagnostic megafossils of the argillaceous limestone 
beds of the Point Wilkins Member (see Norris, in Nor- 
ris et al., 1982; fig. 5 of Norris, Uyeno, and Day, in 
Day er al., 1996; Day, 1997) include Desquamatia (In- 
dependatrypa) cf. D. UI.) independensis, Athyris vitta- 
ta, Emanuella cf. E. subumbona, Cyrtina triquetra, 
Tecnocyrtina missouriensis missouriensis, and Cran- 
aena sp. cf. C. iowensis. Conodonts of the Upper sub- 
terminus Fauna occur with the brachiopod Desqua- 
matia (1.) independensis in Unit B of the Davidson 
Member of the Souris River Formation of Saskatche- 
wan. The associated conodont and brachiopod faunas 
indicate correlation with the Slave Point Formation of 
northern Alberta and, by extension, with the Thornton 
Creek Member of the Flume Formation of western Al- 
berta. 


IOWA BASIN OF THE CENTRAL UNITED STATES 


The Thornton Creek Member of the Flume Forma- 
tion of western Alberta can be correlated with the Cor- 
alville Formation and Mineola Limestone of the Cedar 
Valley Formation of the central and southern parts of 
the Iowa Basin, respectively (Text-fig. 8). The Coral- 
ville Formation of the central and northern part of the 
Iowa Basin makes up a single carbonate-dominated 
depositional sequence aligned with the upper part of 
T-R cycle Ha of Johnson er al. (1985), or T-R cycle 
Ila-2 by Day et al. (1996). Transgressive facies of the 
Coralville (Gizzard Creek and lower Cou Falls mem- 
bers) yield conodonts of the Upper subterminus Fauna 
(Witzke er al., 1985; Witzke et al., 1989; Witzke and 
Bunker, 1997; Bunker and Witzke, 1992; Day et al., 
1996; Day, 1996, 1997), and brachiopod faunas of the 


Tecnocyrtina johnsoni Zone (Day, 1997). Equivalent 
deposits along the southern margin of the Iowa Basin 
in central Missouri are skeletal grainstones and pack- 
stones of the Mineola Limestone of the Cedar Valley 
Formation (Thompson, 1993; Day, 1997). Day (1997) 
reported conodonts of the Upper subterminus Fauna 
from the Mineola, directly associated with a moder- 
ately diverse brachiopod fauna that includes Tecno- 
cyrtina missouriensis missouriensis, Cyrtina triquetra, 
Tylothyris sp., Athyris sp., Schizophoria sp., Cranaena 
sp. cf. C. iowensis, Strophodonta (S.) sp., and Penta- 
merella sp. 


INITIAL FLUME FORMATION ONLAP OF THE 
WESTERN ALBERTA ARCH AND 
IMPLICATIONS FOR LATE GIVETIAN SEA 
LEVEL HISTORY OF NORTH AMERICA 


Previous stratigraphic analyses have documented 
deepening events coincident with the timing of sea lev- 
el rises initiating eustatic Devonian T-R cycle Hb-IIf 
of Johnson et al. (1985, 1991) in the Rocky Mountains 
of western Alberta (Moore, 1989; McLean and Mo- 
untjoy, 1993; van Buchem et al., 1996; Whalen et al., 
2000a,b). Correlations and distribution of strata de- 
posited during the major eustatic sea level rise of De- 
vonian T-R cycle Ifa-2 are documented in the subsur- 
face on the east flank of the West Alberta Arch by 
Wendte (1992), Campbell (1992) and Wendte ef al., 
(1995), and Uyeno and Wendte (this volume); in 
northeastern Alberta by Norris and Uyeno (in Day et 
al., 1996), Norris (1998), and Uyeno (1998); and in 
the lower and upper Mackenzie River Valley by Uyeno 
(1998). As outlined above, equivalent strata have also 
been documented in the Great Basin of the western 
U.S. (Johnson et al., 1996; LaMaskin and Elrick, 
1997), the U.S. mid-continent and central Canada 
(Day, Witzke and Bunker, in Day et al., 1996; Witzke 
and Bunker, 1997). The Thornton Creek Member of 
the Flume Formation represents the first documenta- 
tion of strata deposited during Devonian T-R cycle Ila- 
2 of Day et al. (1996) in the Canadian Rocky Moun- 
tains of western Alberta (Text-fig. 8). 

Correlations of the Thornton Creek Member out- 
lined above (Text-figs. 7 and 8) provide new con- 
straints on the timing and pattern of onlap of the West 
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ramp deposits of the Slave Point Formation. B. Latest Givetian to early Frasnian time: the West Alberta Arch was inundated by marine 
transgression (T-R cycle IIb of Johnson et al., 1985, 1991; T-R cycle IHb-1 of Day et al., 1996) and blanketed by distal deposits of the regionally 
extensive upper Flume Formation carbonate ramp. Swan Hills reefs reached their maximum development along the eastern margin of the 
submerged West Alberta Arch, central and eastern Alberta were sites of mixed carbonate-siliciclastic shallow marine deposition. C. Remainder 
of the Frasnian: western and central Alberta were sites of isolated carbonate platform and associated basinal sedimentation. After Mountjoy 
(1980), Moore (1989), Morrow and Geldsetzer (1988), Oldale and Munday (1994), Switzer et al. (1994), and Whalen er al. (2000a,b) 
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Alberta Arch (Text-figs. 7-9). Prior biostratigraphic 
data indicated that onlap along the western flank of the 
Arch began no earlier than the latest Givetian (norrisi 
Zone). Our new data indicate a late Givetian age for 
the initial onlap during the interval of the Upper sub- 
terminus Fauna (Text-figs. 7 and 8). The high silici- 
clastic content of the Thornton Creek Member, and the 
lack of all but very fine-grained siliciclastics through- 
out the Frasnian units in the area, imply that the West 
Alberta Arch was partially exposed and _ probably 
served as a source for locally derived siliciclastic sed- 
iments of the Thornton Creek Member and its possible 
equivalent to the southeast (Yahatinda Formation; 
Text-fig. 9). By earliest Frasnian time, this local source 
had been onlapped and buried beneath the regionally 
extensive Flume ramp (Text-fig. 9). 


SYSTEMATIC PALEONTOLOGY 


Illustrated specimens and additional material from 
samples A98-1 to 3 from the Thornton Creek Member 
of the Flume Formation are housed in the Geological 
Survey of Canada (GSC) repository in Ottawa, Ontar- 
io. Preparation of standard serial sections of shells was 
not possible because all specimens recovered from the 
Thornton Creek Member are silicified. The single frag- 
mental specimen (GSC 122846) of Strophodonta (S.) 
sp. Hall, 1852, discussed above (see Table 1) is too 
poorly preserved to warrant illustration. The system- 
atic classification of the order Orthida follows Wil- 
liams and Harper (2000), Alvarez et al. (1998) for the 
Order Athryida, and Carter et al. (1994) for the spi- 
riferid brachiopods. 


Phylum BRACHIOPODA Dumeril, 1806 


Subphyllum RHYNCHONELLIFORMEA 
Williams, Carlson, Brunton, Holmer, and Popoy, 
1996 


Class RHYNCHONELLATA Williams, Carlson, 
Brunton, Holmer, and Popoy, 1996 


Order ORTHIDASchuchert and Cooper, 1932 
Suborder DALMANELLIDINA Moore, 1952 
Superfamily ENTELETOIDEA Waagen, 1884 


Family SCHIZOPHORIIDAE Schuchert and 
Levene, 1929 


Genus SCHIZOPHORIA King, 1850 


Subgenus SCHIZOPHORIA (SCHIZOPHORIA) 
King, 1850 


Type species.—Conchyliolithus (Anomites) respinu- 
atus Martin, 1809, pl. 49, figs. 13-14. 


Schizophoria (Schizophoria) stelcki new species 
Plate 1, figures 1-10 


Diagnosis.—Medium to large species of Schizo- 
phoria (up to 34 mm in width), width exceeds length. 
Subcircular shell outline with minor, or lacking, ante- 
rior indentation. Anterior commissure unisulcate with 
high subangular ventral tongue of sulcus strongly de- 
flected at almost 90° relative to commissural plane. 

Description.—Medium to large dorsibiconvex shell 
(up to 34 mm in width), width greater than length, 
anterior commissure broadly unisulcate with relatively 


PLATE | 


Brachiopods from the Thornton Creek Member of the Flume Formation. All specimens from sample 3F from section A at GSC Thornton 
Pass locality, Ancient Wall Reef Platform, Jasper National Park, Alberta, Canada. All specimens *1.5 unless otherwise indicated. 


1-10. Schizophoria (Schizophoria) stelcki new species. 


1-4. GSC 122847 (syntype): internal, external (upper), lateral, and anterior views of complete ventral valve. 
5, 6. GSC 122848 (syntype): internal and external views of complete dorsal valve. 
7. GSC 122849 (paratype): upper view of relatively complete ventral valve embedded in matrix. 


8. GSC 122851 (paratype): internal view of ventral valve. 


9. GSC 122852 (paratype): internal view of dorsal valve. 
10. GSC 122853 (paratype): internal view of dorsal valve. 
11, 12. Desquamatia (Independatrypa)? species. 


Figured specimen. GSC 122871. External and internal views, respectively of partial dorsal valve showing socket plates and 


damaged bases of crura. 
13-24. Athyris vittata Hall, 1860. 
13-17. GSC 122862. 
13. Internal view of dorsal valve. 


14, 15, 17. External (normal to commissural plane), standard and oblique internal views, respectively of ventral valve; 


16. anterior view of articulated valves showing gape. 


18-20. GSC 122863. Right lateral, anterior, and dorsal views, respectively, of complete shell. 
21-24. GSC 122864. Dorsal, posterior, anterior, and left-lateral views, respectively of complete shell. 
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high subangular ventral tongue strongly deflected at 
almost 90° relative to commissural plane. Anterior dor- 
sal sulcus deep, originating anterior of midlength. 
Shell subcircular in outline, rounded outline along an- 
terior margin lacking medial anterior indentation at po- 
sition of medial sulcus and tongue, maximum width at 
midlength. Dorsal valve highly convex with planocon- 
vex ventral valve. Exterior of both valves with poorly 
preserved fine radial costellae. 

Dorsal valve strongly convex, and in anterior view 
maximum lateral convexity at midline with shell sur- 
face sloping to lateral margins, in lateral view maxi- 
mum longitudinal convexity just posterior of mid- 
length. Short triangular anacline dorsal interarea, short 
open triangular notothyrium formed by convergence of 
the short dental and crural plates of cardinalia. Dental 
plates diverge anteriorly at approximately 70° imme- 
diately below the beak from medial cardinal margin. 
Dorsal interior with poorly preserved cardinal process 
consisting of simple short elongate ridge originating 
from valve floor immediately below beak. Short socket 
plates diverge from cardinal margin below beak at 65— 
75°, fulcral plates flooring sockets join socket plates 
along postero-lateral forming two shallow lateral cav- 
ities as seen in most species of the genus. Stout crura 
arise from socket plates and are strongly recurved ven- 
trally diverging anteriorly at same angle as dental 
plates and bound the notothyrial cavity. Bilobed ad- 
ductor muscle scars extending anteriorly from noto- 
thyrial cavity approximately along 20% of the arc 
length of valve floor, the two adductor lobes separated 
by low weakly developed medial ridge or myophragm, 
bounded at their lateral and anterior margins by weak- 
ly to moderately developed ridges originating as ex- 
tensions of bases of socket plates along margins of 
muscle field. Four weakly to strongly impressed pallial 
trunks extend anterior of forward edge of the ridge 
bounding muscle field as is typical for most species of 
the genus (see Schuchert and Cooper, 1932, pl. 23). 

Ventral valve with open triangular delthyrium; 
slightly concave apsacline interarea, width averages 
65% of maximum valve width. Gently convex with 
maximum convexity at 20% of shell length just ante- 
rior of beak. Sulcus originates anterior of midlength 
(at 60% length anterior of beak), becomes strongly de- 
flected at almost 90° relative to commissural plane 
close to anterior margin (75—85% of length anterior of 
beak), medial anterior tongue subangular in outline, 
width of deflected shell margin of tongue 60—65% of 
maximum shell width. Ventral interior with deep del- 
thyrial cavity, strong teeth arising from well-developed 
dental plates that extend anteriorly on floor of the 
valve to along the margins of the muscle field. Ad- 
ductor muscle field bilobed, divided medially along its 


length by strong medial diductor ridge with anterior 
end of ridge often thickened and elevated slightly 
above ridge bounding muscle field, forward lobate 
ridges along margins of adductor scars extend anterior 
of shorter diductor ridge. Lacks a medial ridge anterior 
of edge of muscle field. Muscle field longer than wide 
extending on floor of valve 25—35% of length. 

Types.—Syntypes are the isolated ventral valve 
GSC 122847 and the dorsal valve GSC 122848. Four 
illustrated paratypes including GSC 122849, 122851, 
to 122853. Nine unfigured paratypes numbered GSC 
122850, 122854 to 122861. 

Other material examined.—Includes 87 unnum- 
bered valves consisting of 23 partial dorsal valves and 
64 partial ventral valves from the type locality. 

Type stratum and locality.—The type stratum is the 
1.5 meter interval of sample 3, section A, at Thornton 
Pass, in Jasper National Park, Alberta Rocky Moun- 
tains, with type locality coinciding with the type sec- 
tion of the Thornton Creek Member of the Flume For- 
mation, GSC Thornton Pass locality. 

Etymology.—Named in honor of Dr. Charles Stelck 
(Professor of Geology Emeritus, University of Alber- 
ta) for his pioneering contributions to the knowledge 
and understanding of the Paleozoic and Mesozoic stra- 
tigraphy and paleontology of western Canada. 

Occurrence.—As currently known, it is restricted to 
the late Givetian Eleutherokomma-Schizophoria Fauna 
(Table 1, sample 3F; Text-fig. 6) of the Thornton Creek 
Member of the Flume Formation of the Alberta Rocky 
Mountains. 

Discussion.—Schizophoria (S.) stelcki is similar to 
both S. (S.) athabaskensis Warren, 1944, and S. (S.) 
allani Warren, 1944, described from the latest Givetian 
and early Frasnian Waterways Formation of northern 
Alberta. All three forms have prominent medial ventral 
tongues, although S. (S.) stelcki n.sp. differs in that its 
tongue is proportionally longer than that of S. (S.) ath- 
abaskensis, not as angular or V-shaped in outline as 
that of S. (S.) allani, and is deflected at the anterior 
margin at almost at 90° relative to the commissural 
plane. When viewed dorsally, the outline of the ante- 
rior margin of S. (S.) stelcki is rounded and is not 
indented medially, versus the somewhat lobate-indent- 
ed anterior outlines of both of the Waterways species. 
It also differs from S. (S.) allani in its larger adult size. 
It differs from S. (S.) athabaskensis by its somewhat 
smaller adult shell size, internally in its proportionally 
narrower ventral adductor muscle field and bounding 
ridges, and it lacks the medial ridge of the Waterways 
form that extends anterior of the ventral muscle plat- 
form and medial adductor ridge. The internal shell fea- 
tures of S. (S.) allani are unknown (Norris, 1983, p. 
10). 
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Order ATHYRIDIDA Boucot, Johnson and Staton, 
1964 


Suborder ATHYRIDIDINA Boucot, Johnson and 
Staton, 1964 


Superfamily ATHYRIDOIDEA Davidson, 1881 
Family ATHYRIDIDAE Davidson, 1881 
Subfamily ATHYRIDINAE Davidson, 1881 
Genus ATHYRIS M’Coy, 1844 


Type species.—Terebratula concentrica Buch, 1834, 
p. 123 [see discussion of new lectotype for Afhyris 
concentrica (Buch, 1834) by Grunt and Racki, 1998, 
pp. 365-366] 


Athyris vittata Hall, 1860 
Plate 1, figures 13-24 


Athyris vittata Hall, 1860, pp. 89-90; Hall, 1867, p. 289, pl. 46, 
figs. 1-4; Hall and Clark, 1893, p. 90, pl. 2, figs. 62 and 63, pl. 
45, figs. 1-4; Branson, 1923, p. 110, pl. 17, figs. 8-10, 15, 16; 
Stainbrook, 1942, pp. 616-617, pl. 89, figs. 19-22. [non: A. vit- 
tata Nettleroth, 1889, p. 87, pl. 16, figs. 25-32; Savage, 1931, 
pl. 30, figs. 4-5]. 

Athyris fultonensis (Swallow), Cleland, 1911, pp. 83-84, pl. 14, figs. 
1—4 [non A. fultonensis Savage, 1930, pl. 4, figs. 3—4]. 


Material examined.—The figured specimens: GSC 
122862 to 122864. Additional material includes GSC 
122844, 45 unnumbered complete shells, and 110 ven- 
tral and dorsal valves. 

Occurrence.—Athyris vittata occurs in all three sam- 
ples (Table 1, samples 1F—3F) taken in parasequences 
1 and 2 in section A of the Thornton Creek Member 
of the Flume Formation in the Alberta Rocky Moun- 
tains. It is a highly variable species and 1s widespread 
in carbonate platform deposits of central and western 
North America during the late Givetian (lowest occur- 
rences known from the Middle varcus Subzone) to ear- 
ly Frasnian (known to range into deposits correlated 
with Montagne Noire Zone 4). We have also recovered 
this species in subtidal carbonate lagoonal facies of the 
upper Flume Formation at the Miette Reef platform, 
and it is reported by Maurin and Raasch (1972) from 
the ““Flume Formation” (undifferentiated) in the in- 
terval of their Assemblage 4 (early Frasnian) in their 
Wapati Mountain and Kakwa Lake sections. Its occur- 
rences in the late Givetian and early Frasnian of Man- 
itoba, Iowa, and Missouri are outlined in the discus- 
sion of Thornton Creek brachiopod faunas above. 

Discussion.—The 160 specimens recovered include 
a complete range of growth stages from small juve- 
niles to medium sized adults. The Thornton Creek 
specimens are closest to the Athyris vittata randalia 
morphotype of Stainbrook (1942, pl. 89, figs. 1—6). 
The three varieties of A. vittata described by Stain- 


brook (1942, p. 616) are considered to be phenotypic 
variants of highly variable populations of one species. 


Order ATRYPIDA Rzhonsnitskaya, 1960 
Family ATRYPIDAE Gill, 1871 
Subfamily ATRYPINAE Gill, 1871 
Genus PSEUDOATRYPA Copper, 1973 


Type species.—Atrypa devoniana Webster, 1921, p. 
15 (see illustrations in Fenton and Fenton, 1935). 


Pseudoatrypa aff. P. gigantea (Webster, 1921) 
Plate 2, figures 1-13 
Atrypa gigantea Webster, 1921, p. 16; Fenton and Fenton, 1935, p. 
376; Stainbrook, 1938, p. 233, pl. 30, figs. 5, 13, 17. 
Atrypa cf. gigantea Webster, Warren and Stelck, 1956, pl. 11, figs. 
16-18. 


Pseudoatrypa sp. cf. P. gigantea (Webster), Norris, in Norris and 
Uyeno, 1981, pp. 18-19, pl. 7, figs. 28-38. 


Material examined.—A partial figured dorsal valve 
GSC 122816, two nearly complete figured adult shells 
(slightly crushed) GSC 122818 and GSC 122819, and 
22 unnumbered fragments of dorsal and ventral valves. 

Occurrence.—In the Alberta Rocky Mountains 
Pseudoatrypa sp. aff. P. gigantea (Webster, 1921) oc- 
curs in the late Givetian Thornton Creek Member of 
the Flume Formation at its type section in sample 3 
(Table 1; Text-fig. 6) as an element of the Eleuthero- 
komma-Schizophoria Fauna. Similar forms are known 
from older late Givetian deposits in lowa and younger 
latest Givetian and early Frasnian deposits in north- 
eastern Alberta (see below). 

Discussion.—The same species, or closely similar 
forms, of Pseudoatrypa are widespread in late Givetian 
and early Frasnian carbonate platform and basinal de- 
posits in central and western North America. Pseu- 
doatrypa gigantea (Webster, 1921) was first described 
from late Givetian deposits in central and eastern Lowa. 
Webster’s original types were lost, according to dis- 
cussion by Fenton and Fenton (1935, p. 376). In his 
description of P. gigantea, Stainbrook (1938) desig- 
nated two specimens as hypotypes and mentioned five 
additional comparative specimens (one lost, remaining 
material housed at the University of Iowa) from the 
upper part of the Rapid Member of the Cedar Valley 
Limestone (now Little Cedar Formation, see Witzke et 
al., 1989, pp. 229-232) interval of his ““Atrypa wa- 
terlooensis Zone.’ Stainbrook’s specimens originate 
from the upper Rapid Member of the Little Cedar For- 
mation that yields conodonts of the Lower subterminus 
Fauna (Day, 1992, 1996) and hence those specimens 
are slightly older than the material illustrated here 
from the Thornton Creek Member of the Flume For- 
mation. 
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PLATE 2 


3F from section A at GSC Thornton 


Brachiopods from the Thornton Creek Member of the Flume Formation. All specimens from sam 


locality, Ancient Wall Reef Platform, Jasper National Park, Alberta, Canada. All specimens 1.5 unless otherwise indicated. 


Pseudoatrypa aft. P. gigantea (Webster, 1921) 
5. Figured specimen. GSC 122818: dorsal, anterior, ventral, posterior, and left-lateral views, respect ely of damaged shell 


13. GSC 122816: 6, 13. internal view of dorsal valve showing lobate impressed adductor muscle field, oblique ridges and 


srooves on floor of sockets, and massive crural bases arising from inner socket ric <3 and *1.5 respectively; 12. external view 


showing abraded radial ribs 


7-11. GS¢ 19: dorsal, ventral, anterior, right-lateral, and posterior views, respectively of relatively complete shell, showing 


damage to left anterior margin resulting from encrusting epibionts (epibionts not preserved) 
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Warren and Stelck (1956, pl. 11, figs. 16-18), illus- 
trated a similar form under the name “‘Atrypa” cf. gi- 
gantea Webster, from the latest Givetian—early Fras- 
nian Waterways Formation at McMurray, Alberta. 
Norris (in Norris and Uyeno, 1981, p. 18) illustrated 
P. sp. cf. P. gigantea (Webster, 1921) from the Calu- 
met Member of the Waterways Formation on Birch 
River and along the Athabasca River near Fort Mc- 
Murray, in northeastern Alberta. Norris (1963, text- 
figs. 6 and 8) noted “Atrypa” cf. gigantea Webster 
from the early Frasnian Calumet and Moberly mem- 
bers of the Waterways in the Clearwater-Athabasca 
Rivers outcrop belt. 


Subfamily VARIATRYPINAE Copper, 1978 
Genus DESQUAMATIA Aleskeeva, 1960 
Subgenus INDEPENDATRYPA Copper, 1973 


Type species.—Atrypa independensis Webster, 1921, 
p. 15 (see illustrations in Fenton and Fenton, 1935). 


Desquamatia (Independatrypa)? sp. 
Plate 1, figures 11, 12 


Material examined.—The illustrated specimen GSC 
122871, and six unnumbered valve fragments. 

Occurrence.—This species occurs in the interval of 
sample 3F in the type section of the Thornton Creek 
Member at the GSC Thornton Pass locality (Text-figs. 
3, 4, 6). 

Discussion.—The limited material available does 
not permit a definitive assignment to any described 
species of Desquamatia (Independatrypa). 


Suborder DELTHYRIDINA Ivanova, 1972 
Superfamily DELTHYRIDOIDEA Phillips, 1841 
Family MUCROSPIRIFERIDAE Boucot, 1959 
Genus ELEUTHEROKOMMA Crickmay, 1950 


Type species.—Eleutherokomma hamiltoni Crick- 
may, 1950, pp. 220—222, pl. 36, figs. 1-3. See internal 
features in Crickmay, 1953, pl. 3, figs. 6-9. 


Eleutherokomma wendtei new species 
Plate 3, figures 1-17 


Diagnosis.—Medium sized Eleutherokomma up to 
22 mm in width, with inflated subpyramidal ventral 
valve with gently concave nearly catacline to apsacline 
ventral interarea; eight to 15 simple plications per 
flank on adult shells (shells 13 mm and wider); dorsal 
and ventral interior with short medial myophragm 
(dorsal myophragm variably developed: absent or not 
preserved in 20% of specimens). 

Description.—Medium sized Eleutherokomma with 
greatest width at hinge or at mid length (largest ventral 


valve width of 22 mm), width greater than length (Ta- 
bles 2 and 3); acute cardinal extremities with very 
short mucronate extensions (see Plate 3, figures 7—9); 
subpyramidal ventral valve with greatest width along 
hinge in juvenile growth stages, in adult shells (width 
greater than 15 mm) greatest width is anterior of hinge 
along rounded flanks 50% to 60% of length anterior 
of cardinal margin. Shell ventribiconvex, in profile, 
with more inflated ventral valve up to 70% of shell 
thickness, transversely semicircular in outline in early 
growth stages (less than 14 mm in width), with great- 
est width at midlength at rounded lateral margins an- 
terior of acute lateral cardinal margins in larger adult 
shells (>14 to 15 mm in width). Shell surface with 
simple-rounded radial plica on flanks (up to 15 per 
flank). Medially uniplicate with simple fold and sul- 
cus. Sulcus broad with nearly flat to slightly concave 
lateral profile near anterior margin. Medial anterior 
margin of ventral sulcus extended dorsally to form 
prominent tongue in large adult shells. Concentric 
growth lamellae overlap anteriorly as seen in other 
species of the genus. Preserved micro-ornament con- 
sists of radial capillae on and parallel to plica and in 
intervening grooves. 

Ventral valve with open triangular delthyrium ex- 
tending from cardinal margin ventrally to just beneath 
apex of valve; slightly concave interarea nearly verti- 
cal to slightly apsacline in juvenile shells becoming 
strongly recurved (apsacline with area inclined up to 
60° relative to commissural plane) in some adult shells. 
Ventral interior features short low myophragm or ridge 
arising at posterior margin of valve interior in the del- 
thyrial cavity between and extends up to 50% of valve 
length, flanked on either side by weakly to moderately 
impressed adductor muscle scars; bases of dental 
plates extend anteriorly to form low rimmed margin 
around muscle scars where muscle scars moderately 
impressed. Short dental plates, extend anteriorly 10— 
15% of valve length, bounding and parallel to margin 
of delthyrium from posterior margin ventrally approx- 
imately 70% of shell depth, then diverge laterally be- 
neath the apex away from margin of delthyrial opening 
joining floor of ventral valve beneath flanks. Simple 
short peg-like teeth. 

Dorsal valve with simple fold averaging 37% of 
maximum valve width at anterior margin, with broad 
U-shaped lateral outline. Fold bounded by strong 
grooves, flanks with simple plica with rounded trans- 
verse profiles with simple grooves or interspaces, av- 
eraging nine per flank (range is 8 to 15 in shells greater 
than 13 mm in width), cardinal margin with extremely 
short (less than .06 mm) strongly apsacline dorsal in- 
terarea. Cardinalia in dorsal interior consist of simple 
ctenophoridium with up to a dozen vertical lamellae, 
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PLATE 3 


Brachiopods from the Thornton Creek Member of the Flume Formation. All specimens from sample 3F from section A at GSC Thornton 


Pass locality, Ancient Wall Reef Platform, Jasper National Park, Alberta, Canada. All specimens 1.5 unless otherwise indicated. 


I-17. Eleutherokomma wendtei new species: 1—4, 16. GSC 122823 (syntype), 1, 2. upper views of ventral valve, at 4 and 1.5 
respectively; 3, 4. anterior views, at 1.5 and 3, respectively; 16. internal view showing dental plates, and medial ventral 
myophragm 

5, 6. GSC 122828 (paratype): dorsal and anterior views of complete adult with rounded profile and outline. 

7-9. GSC 122829 (paratype): dorsal, posterior, and ventral views, respectively of large juvenile growth stage 

O, 13. GSC 122835 (syntype): external and internal views of dorsal valve. Internal view shows low medial myophragm, flanked 

by impressed adductor scars, sockets, socket ridges, ctenophoridium, and bases of the crus arising from socket plates. 

1, 12. GSC 122825 (paratype): ventral and anterior views of ventral valve 

4. 15. GSC 122830 (paratype): exterior and internal views, respectively of dorsal valve 

7. GSC 122822 (syntype): upper view of ventral valve 

18-22. Cyrtina triquetra (Hall, 1858) 

8. GSC 122839: Oblique view from posterior of partial ventral valve (showing strong medial septum fused to dental plates to 

form posterior chamber, delthyrial covering not preserved 

9, 22. GSC 122841: ventral and dorsal views, respectively, of complete shell showing external ornament. Ventral view shows 


trace of ventral medial septum preserved on surface of specimen 
20, 21. GSC 122840: ventral and dorsal views, respectively, of a relatively complete small adult shell showing external ornament. 


23. Cranaena species. GSC 122845: internal view of damaged adult ventral valve 
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lamellae rarely preserved in the available material. 
Ctenophoridium positioned medially on floor of dorsal 
valve immediately anterior of and below dorsal beak 
in space between socket plates and crural bases. Sock- 
ets oriented at approximately 35° relative to cardinal 
margin, preserved socket plates simple with angular 
edges between socket and cardinal margin. Short 
blade-like crura parallel to inner margins of fold, arise 
from and fused with bases of socket plates on inner 
valve surface just below commissure of medial cardi- 
nal margin. Very low medial myophragm extends up 
to 50% of valve length on floor of valve, some shells 
with impressed adductor muscle pits flanking my- 
ophragm near apex of valve interior. 

Types.—Three syntypes GSC 122822, 122823 
122835, the figured paratypes GSC 122825, 122828 to 
122830; and 12 unfigured paratypes GSC 122827, 
122831 to 122834, 122836 to 122838, 122874 to 
122877. 

Other material examined.—248 unnumbered whole 
and fragments of dorsal and ventral valves from sam- 
ple 3F at the type locality. 

Type stratum and locality.—The type stratum is the 
1.5 meter interval of sample 3, type section of the 
Thornton Creek Member of the Flume Formation at 
Thornton Pass, in Jasper National Park, Alberta Rocky 
Mountains (Text-figs. 2, 3, 4, 6; GSC Thornton Pass 
locality). 

Occurrence.—Eleutherokomma wendtei is restricted 
to late Givetian age Thornton Creek Member of the 
Flume Formation at its type section in the Alberta 
Rocky Mountains. In western Alberta, it is the domi- 
nant species of the Eleutherokomma-Schizophoria 
Fauna of the Thornton Creek Member described 
above. 

Discussion.—The material on hand displays well- 
preserved internal features consistent with the genus 
as first defined by Crickmay (1950, pp. 219-220). 
These include a cardinal process consisting of simple 
ctenophoridium, a low myophragm in the dorsal inte- 
rior, and a low myophragm and lack of a delthyrial 
plate in the ventral interior. Thus far, no delthyrial cov- 
ering (pseudodeltidium or stegidium) is known from 
any species described from Givetian—middle Frasnian 
strata of western and central North America. The re- 
lated genus Mucrospirifer Grabau, 1931, has a well- 
developed delthyrial covering as shown in illustrations 
of the type species M. mucronatus in Tillman (1964, 
pl. 153) and Cowen (1968), and lacks well-developed 
dental plates. Those features readily distinguish it from 
Eleutherokomma. 

The juvenile growth stages of Eleutherokomma 
wendtei are closely similar to, although proportionally 
thicker than, adult shells of E. impennis Crickmay, 


1950 (see: Crickmay, 1950, pl. 2; Warren and Stelck, 
1956, pl. 120; McLaren et al., 1962, pl. 10; Harring- 
ton, 1971, pl. 4, figs. 12-16 only; and Norris, in Norris 
and Uyeno, 1983, pls. 7, 8). Eleutherokomma wendtei 
is easily distinguished from E. impennis by its much 
larger (up to 22 mm in width) proportionally thicker 
(greater shell thickness) adult shell, more numerous 
flank plications, greater range in the angle of inclina- 
tion of the nearly catacline to apsacline ventral inter- 
area, and its greatest shell width anterior of the hinge. 
Nearly all other described species of Eleutherokomma 
are distinguished from E. wendtei by their less inflated 
ventral valves, and short and highly recurved concave 
ventral interareas, with mucronate or extended cardinal 
margins. 


Order SPIRIFERINIDA Ivanova, 1972 


Suborder CYRTINIDINA Carter and Johnson, 1994 
(in Carter et al., 1994) 


Superfamily CYRTINOIDEA Frederiks, 1912 
Family CYRTINIDAE Frederiks, 1912 
Genus CYRTINA Davidson, 1858 


Type species.—Calceola heteroclita Defrance, 1828, 
p. 306. 


Cyrtina triquetra (Hall, 1858) 
Plate 3, figures 18-22 


Cyrtia triquetra Hall, 1858, p. 513 

Cyrtina triquetra Meek and Worthen, 1868, p. 436, pl. 13, fig. 4; 
Hall and Clarke, 1894, pl. 28, figs. 34 and 35; 

Cyrtina triquetra (Hall) Stainbrook, 1943, pp. 446-447, pl. 22-29. 

Cyrtina ct. triquetra Hall, Maurin and Raasch, 1972, pl. 9, figs. 5—7. 

not Cyrtina triquetra Warren and Stelck, 1956, pl. 15, figs. 22—24. 


Material examined.—The illustrated specimens 
GSC 122839 tol22841; two unfigured shells GSC 
122842 and 122843; six unnumbered whole juvenile 
and adult shells; and 36 unnumbered fragments of ven- 
tral valves. 

Occurrence.—The range of this form in the Give- 
tian of North America is from the Upper varcus Sub- 
zone to norrisi Zone. In western and central Canada, 
this species 1s known from the “Flume” Formation of 
northeast British Columbia (Maurin and Raasch, 
1972), the Thornton Creek Member of the Flume at 
Ancient Wall in the Alberta Rocky Mountains (this 
report); and the lower part of the argillaceous lime- 
stone beds of the Point Wilkins Member of the Souris 
River Formation of southwestern Manitoba (Norris 
and Day, in Day et al., 1996, text-fig. 5). In the central 
United States it is known from its type locality in the 
Little Cedar Formation in northwestern Illinois and 
eastern Iowa, and ranges into the Coralville Formation 
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of Iowa and Illinois (Stainbrook, 1943; Day, 1989a, 
1992, 1996, 1997). 

Discussion.—Cyrtina triquetra is widespread in car- 
bonate and mixed clastic-carbonate platform deposits 
in central and western North America as outlined 
above. In northeast British Columbia, this form is il- 
lustrated from the brachiopod fauna of Assemblage 4 
of the Flume Formation by Maurin and Raasch (1972), 
and was reported by Norris and Day (in Day et al., 
1996, fig. 5) from the argillaceous limestone beds of 
the Point Wilkins Member of the Souris River For- 
mation. 

Hall (1858) erected this form based on specimens 
from Rapid Member of the Litthe Cedar Formation and 
Cou Falls Member of the Coralville Formation in east- 
ern Iowa and western Illinois. Other species of Cyrtina 
known from late Givetian deposits in North America 
include C. caroline Johnson (1978) and C. umbonata 
(Hall, 1858). Cyrtina caroline Johnson (1978, p. 131, 
pl. 8, figs. 1-31), described from the late Givetian of 
the Great Basin, differs from C. triquetra (Hall, 1858) 
by its more numerous flank plications and angular si- 
nus. Cyrtina umbonata (Hall, 1858) from the late Giv- 
etian of the Iowa Basin differs from C. triquetra by 
its larger adult shell size, fewer flank plications, highly 
concave (apsacline to anacline) interarea, and shallow 
U-shaped ventral sinus. 


Order TEREBRATULIDA Waagen, 1883 
Suborder TEREBRATULIDINA Waagen, 1883 


Superfamily DIELASMATATOIDEA Schuchert, 
1913 


Family CRANAENIDAE Cloud, 1942 
Subfamily CRANAENINAE Cloud, 1942 
Genus CRANAENA Hall and Clarke, 1893 


{=Eunella Hall and Clarke, 1893, and Cranaenella Fenton and Fen- 
ton, 1924] 


Type species.—Terebratula romingeri Hall, 1863, p. 
48, text-figs. 22-23. 


Cranaena sp. 
Plate 3, figure 23 

Material examined.—Figured damaged ventral 
valve of large adult GSC 122845, unfigured small 
adult shell GSC 122863, one unnumbered juvenile 
shell, and five unnumbered partial ventral valves. 

Occurrence.—Cranaena sp. of this study is known 
only from sample 3F from section A (type section of 
the Thornton Creek Member) of the Flume Formation 
at Thornton Pass (GSC Thornton Pass locality). 

Discussion.—The present material on hand—single 
juvenile shell, small adult shell (GSC 122863), and 
poorly preserved fragments of ventral valves (figured 
specimen GSC _ 122845)—does not permit identifica- 
tion of the Thornton Creek species or accurate com- 
parisons with other late Givetian species of Cranaena. 
The small adult shell is similar in outline and profile 
to small adult specimens of C. iowensis (Calvin, 1890) 
and C. sp. cf. C. iowensis known from coeval deposits 
in eastern Iowa and central Missouri (see species listed 
in Day, 1996, 1997), and southwestern Manitoba (see 
fig. 5 of Norris, Day, and Uyeno, in Day er al., 1996), 
respectively. The partial ventral valve of the large 
adult (GSC 122845) suggests a maximum size similar 
to that of C. towensis. 
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ABSTRACT 


An integrated study of conodont biostratigraphy with transgressive-regressive sequence stratigraphy has related genetic suc- 
cessions of the Beaverhill Lake Group over a widespread area of south-central Alberta. The study area spans from the Eastern 
Shelf in eastern Alberta through an intervening Central Alberta Basin, to the Western Shelf in western Alberta. This paper 
primarily reports on the conodont biostratigraphy of basinal successions (Waterways Formation) from two wells, 32 km apart, 
near the Western Shelf, within a sequence-stratigraphic framework. 

In the area of the two wells in central Alberta, the Waterways Formation consists of up to approximately 150 m of interstratified 
basinal limestones and calcareous shales. The entire Waterways succession is divided into nine genetic units, which have been 
correlated throughout the basin. These genetic successions are assignable to six conodont zones: in ascending order, the Upper 
subterminus Fauna (approximately equivalent to the Upper disparilis Subzone), the norrisi Zone, and Montagne Noire (MN) 
zones | to 4. This suggests that sedimentation was continuous across the Givetian-Frasnian (Middle-Late Devonian) boundary. 
The standard marker for the base of MN Zone 4, Palmatolepis transitans, makes a late entry within that zone. The base of MN 
4 was determined by the first occurrence of Ancyrodella postbinodosa new species, a species that has been demonstrated to be 
restricted to that zone through graphic correlation (Klapper, pers. commun., 2000). Other new species introduced here include 
Mesotaxis keithi, Palmatolepis paradisparilis, and Polygnathus tedi. 

The correlations made independently from physical sequence stratigraphy and conodont biostratigraphy parallel one another 


and thus corroborate each other. 


INTRODUCTION 


The Beaverhill Lake Group in the subsurface of 
south-central Alberta consists of limestones, dolo- 
stones, and calcareous shales, up to over 200 m thick. 
These strata overlie coastal plain and marginal marine 
shales, dolostones, and limestones of the Watt Moun- 
tain Formation and are overlain by either platform car- 
bonates (Cooking Lake and Leduc formations) or ba- 
sinal shales and limestones (Duvernay Formation) of 
the Woodbend Group (Text-fig. 1). 

Beaverhill Lake strata were examined throughout an 
extensive area in south-central Alberta. The area of 
investigation extends from the Alberta-Saskatchewan 
boundary west to the Cordilleran thrust belt or the 
Sixth Meridian and from Township 24 north through 
Township 71 (Text-fig. 2). Within this area, the Beav- 
erhill Lake Group is divided into two formations 
(Text-fig. 1). The Swan Hills Formation includes shal- 
low-marine limestones and dolostones that occur in the 
western part of the study area. These carbonates were 
deposited on areally extensive carbonate platforms, 
and on both younger, backstepped carbonate platforms, 
hereinafter referred to as banks, and areally restricted, 
isolated reefs (Text-fig. 2). The Waterways Formation 
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denotes basinal limestones and calcareous shales de- 
posited throughout most of the study area, but also 
incorporates limestones and dolostones deposited on 
areally extensive carbonate platforms and _ isolated 
reefs in the eastern part of the study area. 


SCOPE OF PAPER 


This paper focuses on the results of an integrated 
study of the conodont biostratigraphy, physical stratig- 
raphy, and sedimentology of the Beaverhill Lake 
Group from two wells in the northwestern part of the 
area of investigation (Text-fig. 2). The Pan American 
Home Archie well (4-1-66-8WS) (hereafter called the 
Archie well) lies just basinward of the Swan Hills plat- 
form and contains a continuous core through the entire 
basinal Waterways succession. The Imperial Forestry 
well (16-7-64-10W5) (hereafter called the Forestry 
well) occurs along the northeastern flank of the iso- 
lated Judy Creek reef complex. A core at this well 
penetrates the entire Waterways succession at this lo- 
cation, including both distal foreslope deposits shed 
from the reef and overlying basinal limestones and cal- 
careous shales. Both cores were described in detail and 
systematically and extensively sampled for conodonts. 

This paper also incorporates and summarizes as- 
pects of both the physical and conodont biostratigra- 
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Text-figure 1.—Lithostratigraphy of the Elk Point, Beaverhill Lake, and Woodbend Groups of south-central Alberta. 
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Text-figure 2—Map showing Beaverhill Lake domains in subsurface of south-central Alberta. The Pan American Home Archie 4-1-66- 
8W5 and Imperial Forestry 16-7-64-10W5 wells occur in the vicinity of the Judy Creek reef complex in the northwestern part of the map 
area, The transects at Townships 50-52 and from the Archie well to the Judy Creek reef complex correspond to the position of cross-sections 


on Text-figures 4 and 5, respectively. A small index map shows the location of the study area. 
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phy from wells throughout the entire area of investi- 
gation. The data base includes approximately 1300 
wells, whose depositional cycles were correlated 
throughout a grid of wireline log cross-sections. Cores 
from approximately 150 of these wells were described, 
enabling a detailed interpretation of the depositional 
facies and depositional sequences. Cores from 49 of 
these wells were sampled for conodont biostratigraphy. 
This synthesis provides a more regional context to the 
physical and conodont biostratigraphy for the Archie 
and Forestry wells. 
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DEPOSITIONAL SETTING 


Beaverhill Lake strata comprise three depositional 
domains (Text-fig. 2). A Western Shelf consists of a 
succession up to 150 m thick of shallow-marine lime- 
stones and dolostones of the Swan Hills Formation. 
These carbonates were deposited on the carbonate plat- 
forms, banks, and isolated reefs situated along the east- 
ern flank of the slowly subsiding Western Alberta 
Arch. A pronounced embayment at a latitude of ap- 
proximately Township 40 separates the Western Shelf 
into northern and southern sub-domains. 

An Eastern Shelf complex occurs in the eastern half 
of the area of investigation. The position of the margin 
of this shelf shifts during the deposition of Beaverhill 
Lake strata. During transgressive episodes the margin 
retreats or backsteps to the southeast. During regres- 
sive episodes the shelf margin progrades to the north- 
west. The position of the shelf margin depicted on 
Text-figure 2 corresponds to its most regressive, bas- 
inward position. For geographical reference the area of 
the shelf shown on Text-figure 2 is termed the Eastern 
Shelf Domain. As a result of these transgressive and 
regressive episodes, boreholes throughout most of the 
Eastern Shelf Domain encounter an interbedded suc- 
cession of basinal limestones or calcareous shales and 
shallow-marine limestones and dolostones, deposited 
mainly on widespread carbonate platforms and to a 
lesser degree on isolated carbonate reefs. This Eastern 
Shelf Domain succession thickens to the northeast, 


away from the positive Western Alberta Arch, attain- 
ing a maximum thickness of approximately 240 m. 

The Central Alberta Basin occurs between the east- 
ern and western shelves. Deposits in the basin consist 
entirely of deep-water calcareous shales and lime- 
stones. These deposits vary in thickness from 75 to 
210 m. 


PHYSICAL STRATIGRAPHY 
EASTERN SHELF AND CENTRAL ALBERTA BASIN 


Beaverhill Lake strata on the Eastern Shelf and in 
the Central Alberta Basin consist of nine transgressive- 
regressive (T-R) cycles (termed A to H, with A sub- 
divided into lower and upper parts). T-R cycle bound- 
aries were determined from both core and wireline log 
examination. Text-figure 3 shows the gamma-ray log 
and sonic log signatures of these T-R cycles from a 
well (6-35-46-15W4) on the Eastern Shelf Domain. T- 
R cycle boundaries correspond to the position, within 
a given interval, that marks the change from progres- 
sively shallower-water facies to progressively deeper- 
water facies. This position is marked by an increase in 
argillaceous content. On wireline logs this level cor- 
responds to an increase in the radiation count on gam- 
ma-ray logs and to decreased acoustic velocities on 
sonic logs. In either basinal successions or in succes- 
sions that grade from basinal facies up into shallow- 
water facies, T-R cycles have a dominantly shoaling- 
upward aspect. This aspect corresponds to decreasing 
argillaceous content and is recorded by decreasing ra- 
diation on the gamma-ray logs and by increased acous- 
tic velocities on the sonic logs. In these T-R cycles, 
such as cycle B, the transgressive part of the succes- 
sion is either absent or thin. Some T-R cycles, how- 
ever, may have either a significant transgressive basal 
portion (cycle G) or have an overall transgressive as- 
pect (Upper A cycle). 

On the Eastern Shelf Domain, it is important to rec- 
ognize that the top of the Beaverhill Lake Group (top 
of succession H) is not a T-R cycle contact. Instead, it 
is a facies contact and, as illustrated on Text-figure 3, 
marks the position in a shoaling-upward cycle where 
shallower-water carbonate facies of the Cooking Lake 
Formation prograde over deeper-water, argillaceous fa- 
cies of succession H. 

Correlation of T-R cycle boundaries allows recog- 
nition of the change from regression to transgression. 
The cross-section on Text-figure 4 shows the correla- 
tion of the T-R cycle boundaries and the disposition 
of depositional facies within these cycles on an east- 
west transect across the basin, at the latitude of Town- 
ship 50-52. The cross-section also shows the lower 
successions of the overlying Woodbend Group. On the 
eastern side of the basin, shallow-water lithofacies are 
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Text-figure 3 Gamma-ray and sonic log signatures of the nine T-R cycles of the Beaverhill Lake Group and their lithofacies. These cycles 
are combined into two major T-R cycles (1 and 2), each of which is divided into two subdivisions (L and U). Well 6-35-46-15W4, Eastern 
Shelf Domain. Depths correspond to log depths. See Text-fig. 2 for location. 


limited to the Eastern Shelf Domain, east of the Fifth 
Meridian. Basinal, deeper-water facies form clino- 
forms to the west and distally onlap the Swan Hills 
platform-bank complex on the Western Shelf. 

The T-R cycles on the Eastern Shelf and in the Cen- 
tral Alberta Basin are split into two major T-R suc- 
cessions. Each of these T-R cycles, in turn, can be 
subdivided into two T-R cycle subdivisions. The major 


T-R cycles and their subdivisions are marked on the 
gamma-ray log and on the sonic log on Text-figure 3 
as well as on the cross-section on Text-figure 4. 

The lower T-R succession | extends from the base 
of the group to the top of cycle D. The transgressive 
phase of this succession extends up into the calcareous 
shales in the basal part of cycle B. The regressive 
phase culminates in the progradation of shallow-water 
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Text-figure 4.—Stratigraphic cross-section of the Beaverhill Lake Group showing the correlation of T-R cycles and the disposition of 
depositional facies, at a latitude of Township 50-52. The major T-R cycles and their subdivisions are labeled at the right end. Vertical ticks 
at the base of the cross-section correspond to the position of wells. See Text-fig. 2 for location of the transect. 


platform carbonates of cycles C and D to approxi- 
mately the Fifth Meridian. 

T-R succession 1 can be split into two T-R cycle 
subdivisions (1L and 1U) at the top of cycle B. The 
onset of the T-R subdivision 1B is not marked by a 
significant shift in facies at the top of the cycle B plat- 
form, but by the deposition of a thick shale succession 
in the basin. 

The upper T-R succession 2 extends from the top of 
cycle D to the top of cycle H in the Central Alberta 
Basin. The top of cycle H in the basin corresponds to 
the T-R cycle boundary that separates the Beaverhill 
Lake and Woodbend Group successions. Upslope, it 
correlates to the top of the lower Cooking Lake suc- 


cession on Text-figure 4 (base of cycle 2, middle mem- 
ber of the Cooking Lake Formation of Wendte, 1994). 
T-R succession 2 includes platform and isolated 
reefal carbonates of cycles E and F (cycle E platform 
facies occur south of the transect of the cross-section 
on Text-figure 4) and the argillaceous limestones and 
calcareous shales of cycles G and H. The position of 
maximum transgression occurs near the middle of cy- 
cle G. Calcareous shales in the upper part of cycle G 
and in cycle H sigmoidally prograde to the west, al- 
lowing for the outbuilding of the lower Cooking Lake 
platform succession to approximately the Fifth Merid- 
ian. The top of cycle F marks the division between the 
lower and upper T-R subdivisions (2L and 2U). 
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Text-figure 5.—Stratigraphic cross-section of the Beaverhill Lake Group from the Pan American Home Archie 4-1-66-8W5 well into the 
Judy Creek reef complex (well 4-35-63-11W5). T-R cycle boundaries correspond to the base of radioactive intervals on the gamma ray logs. 
The cross-section illustrates the parallelism of the T-R cycle and conodont zone boundaries. See Text-fig. 2 for location of the transect. The 
bases of conodont zones, norrisi, and MN | through MN 4, are marked. The numbers | through 4 mark the only and/or the first occurrences, 


of the cited conodont species. 


WESTERN SHELF 


Swan Hills carbonates on the Western Shelf consist 
of cyclic repetitions of shallow-marine limestones and 
dolostones. These carbonate successions lack the ar- 
gillaceous limestones and calcareous shales that typify 
the basal portion of T-R cycles on the Eastern Shelf 
and in the Central Alberta Basin. As a result, cycle 
boundaries on the Western Shelf have no wireline-log 
signature and can only be identified by the examina- 
tion of cores. Therefore, the cycle architecture of Swan 
Hills carbonates can only be discerned in areas with 
good well and core control. Also, lacking the log sig- 
nature of T-R cycles on the Eastern Shelf Domain, the 
T-R cycle stratigraphy of the Western Shelf is inde- 
pendent of that on the Eastern Shelf Domain. 

A synthesis of the T-R cycle stratigraphy of Swan 
Hills carbonates in the vicinity of the isolated Judy 


Creek reef complex is presented on the cross-section 
on Text-figure 5, along a transect from the Archie well 
southwest through the Forestry well into the Judy 
Creek reef complex (well 4-35-63-11W5). The T-R cy- 
cle stratigraphy of Swan Hills carbonates is a summary 
based on previous investigations of the Judy Creek 
reef complex (Wendte, 1992, and Wendte and Muir, 
1995) as well as aspects from this regional study. 

The Swan Hills Formation in the vicinity of the 
Judy Creek reef complex consists of four T-R cycles 
of growth, each with component sub-cycles, as de- 
scribed below. 


(1) A widespread lower platform stage with the po- 
sition of its margin depicted on Text-figure 2. Stra- 
tal relationships and conodont biostratigraphy sug- 
gest that this stage is coeval with the Lower A T- 
R cycle. 
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(2) A progressively more areally-restricted, upper 
platform stage. 

(3) A rimmed reef complex stage with a peripheral 
reef rim and an interior lagoon (not illustrated on 
Text-fig. 5). The basal portion of this stage marks 
the change from transgression to progradation (re- 
gression) of the reef out over a previously 
drowned platform step. The top of this stage cor- 
responds to a widespread subaerial unconformity 
(Wendte and Muir, 1995), termed R4 because it 
caps the top of the fourth reef cycle. Distinctive 
aspects of this unconformity have provided a basis 
for its widespread correlation, including to the 
Eastern Shelf. R4 corresponds to a level approxi- 
mately at the middle of cycle C bankward of the 
underlying cycle B platform margin (Text-fig. 4). 
The position of the margin of isolated reefs and 
coeval banks on Text-figure 2 corresponds to an 
initial phase of this stage. 

(4) An upper ramp-bounded shoal stage on the isolat- 
ed reefs. The top of this stage is time-diachronous. 
Cycles of growth younger than that represented at 
the 4-35-63-11W5 well are present elsewhere on 
the Judy Creek reef and other isolated Swan Hills 
reefs, as well as on the Swan Hills banks. 


CORRELATION OF WATERWAYS 
SUCCESSIONS IN THE PAN AMERICAN HOME 
ARCHIE AND IMPERIAL FORESTRY WELLS 


The Archie and Forestry wells occur on the west 
side of the Central Alberta Basin (Text-fig. 2). The 
location of these wells is analogous to a distal position 
on the basinal clinoforms of the Waterways Formation 
on the regional cross-section on Text-figure 4. 

The tops of T-R cycles A through H occur at the 
base of radioactive, argillaceous successions at the Ar- 
chie well on the northeast end of the cross-section on 
Text-figure 5. These T-R cycle boundaries clinoform 
to the southwest, away from the position of the Archie 
well. The tops of cycles A and B onlap the flanks of 
the Lower and Upper Swan Hills platforms, respec- 
tively, northeast of the position of the Forestry well. 
The tops of cycles C and D correlate up into foreslope 
successions of the Forestry well before onlapping the 
flanks of the Judy Creek reef complex. These T-R cy- 
cle boundaries equate to positions in the ramp-bound- 
ed shoal above R4 at Judy Creek. 

The tops of cycles E and F correlate to analogous 
positions in the Forestry well before onlapping against 
the flank of the Judy Creek reef complex. The tops of 
cycles G and H (top of Beaverhill Lake Group) cor- 
relate to analogous positions in the Forestry well and 
to the base of Waterways successions in the Imperial 


Judy Creek 4-35-63-11W5 well that overlie the Swan 
Hills Formation. 

The close relationship between physical stratigraphy 
and conodont biostratigraphy is demonstrated on Text- 
figure 5. The positions of the base of the norrisi Zone 
and of MN zones | to 4 are shown for the Archie and 
Forestry wells. The biostratigraphic and T-R cycle 
boundaries are remarkably parallel. This close rela- 
tionship is reinforced by correlations of the wells 
based on the single occurrences of (1) Ozarkodina san- 
nemanni in MN Zone 2 and of (2) Polygnathus tedi 
in MN Zone 3, and on the lowest occurrences of (3) 
Mesotaxis bogoslovskyi and of (4) Palmatolepis para- 
disparilis and Palmatolepis transitans in MN Zone 4. 
These positions are marked on Text-figure 5. 

In the Archie well, the base of the norrisi Zone oc- 
curs a thin interval (19—19.7 ft; 5.8-6.0 m) above the 
top of cycle A. Based on a more regional study, how- 
ever, this is considered to be a late entry for this zone, 
as elsewhere the base of the norrisi Zone is found 
between Lower A cycle and Upper A cycle (Text- 
fig. 6). 

In the Archie well, the base of MN Zone | occurs 
about mid-way within the interval of cycle B. This 
relationship is found in the more regional coverage as 
well. The bases of MN Zones 2 and 3 are within cycle 
C in the Archie well, with Zone 3 close to the top of 
cycle C interval. In the Forestry well, the bases of both 
zones are found between the top of cycle C and the 
top of the Swan Hills Platform, and again with Zone 
3 close to the cycle top. These relative positions of the 
bases of Zones 2 and 3 are also found in our more 
regional study. 

The base of MN Zone 4 is located high up within 
cycle E in both wells. The base of MN Zone 5 is not 
found in the successions in these wells, but based on 
our regional coverage, it may occur extremely high in 
the Beaverhill Lake Group and certainly does so in the 
basal part of the overlying Duvernay Formation. 


CORRELATION OF THE T-R CYCLES WITH 
CONODONT ZONES 


Text-figure 6 shows the relationship between the co- 
nodont zones, depositional cycles, Euramerican De- 
vonian T-R cycles (Johnson et al., 1985; Johnson and 
Klapper, 1992; Day et al., 1996), and the shift of ba- 
sinal facies of the Beaverhill Lake Group in the Al- 
berta Basin. The spacing of the conodont zones is 
based on values provided by Klapper (1997) from his 
work on the Frasnian Composite Standard. 

As noted above, the Waterways Formation consists 
of two megacycles, with the lower T-R succession | 
ranging from the onset of cycle A to the top of cycle 
D. The upper T-R succession 2 ranges from the base 
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Text-figure 6.—A summary of the Beaverhill Lake Group from south-central Alberta, showing its conodont zones, depositional cycles, 
Euramerican Devonian T-R cycles, shift of basinal facies, and major T-R cycles and subdivisions. Conodont zones are after Bunker and Klapper 
(1984), Witzke er al. (1985), Klapper and Johnson (in Johnson, 1990), and Klapper (1989). Devonian T-R cycles are after Johnson er ai. 
(1985), Johnson and Klapper (1992), and Day er al. (1996). Spacing of conodont zones is based on values in Klapper (1997). 


of cycle E to the top of cycle H. The start of succession 
1 coincides with the base of the Upper subterminus 
Fauna, and is at the start of cycle Hla-2. A major trans- 
gression preceding the Lowermost asymmetricus Zone 
=norrisi Zone) was suggested earlier by Talent and 
Yolkin (1987) for the Canning Basin, Western Austra- 
lia, and for southern West Siberia. A fourth order cy- 
cle, labelled 3B, was suggested to start in the Late 
disparilis Zone (=Upper subterminus Fauna) during 
the Timan Horizon in West Bashkortostan (Yunusov 
et al., 1997). This may be an equivalent of cycle Ila- 
2. Racki (1993, 1997) discussed the global significance 
of this post-Stringocephalus transgression, and the 
presence of the transgression at or near the norrisi 
Zone in western New York State was discussed by 
Kirchgasser et al. (1997). The peak of the lower suc- 
cession | occurs in the lower part of cycle B, which 
occurs in the upper part of the norrisi Zone. 

Elsewhere, the start of T-R cycle Ha-2 is present at 
the base of the Argillaceous limestone of the Point 
Wilkins Member of the Souris River Formation in cen- 
tral and southern Manitoba, at the base of the Amco 
Member of the Slave Point Formation at Great Slave 
Lake, District of Mackenzie, Northwest Territories, 
and at the base of the Allochthonous Beds in the Pow- 
ell Creek area in District of Mackenzie, western North- 
west Territories (Uyeno, 1998). 


T-R cycle Ilb-1 (Ib of Johnson et al., 1985) is 
placed at the base of the norrisi Zone, and in the Wa- 
terways sequence occurs at the base of Upper A cycle. 
In terms of the Waterways Formation nomenclature, 
this is at the base of the Firebag Member (Uyeno, 
1974) or the base of the Peace Point Member (Uyeno 
in Norris and Uyeno, 1983), in Alberta. In central and 
southern Manitoba it coincides with the base of the 
Micritic limestone of the Point Wilkins Member of the 
Souris River Formation, and in central and eastern 
Iowa with the base of the Lithograph City Formation 
(Day et al., 1996). 

The start of the upper T-R succession 2 occurs at 
mid-way of MN Zone 3, and coincides with the base 
of T-R cycle II[b-2. This cycle represents an intra-IIb 
cycle deepening event (Day er al., 1996). It is also 
observed in the Lithograph City Formation, within the 
Andalusia and Idlewild members, in central and east- 
ern Iowa. In central and southern Manitoba, this event 
may occur at the base of the Dolomitic limestone of 
the Point Wilkins Member, Souris River Formation 
(Day er al., 1996). 

The maximum transgression of the upper T-R suc- 
cession 2 is in cycle G, and lies within MN Zone 4. 
As noted above, the top of the upper megacycle is at 
the top of cycle H, and correlates to the top of the 
lower Cooking Lake succession. This level is in MN 
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Zone 5 (=Palmatolepis punctata Zone) (Klapper, 
1989, 1997; Klapper and Becker, 1999). It coincides 
with the start of T-R cycle IIc, the beginning of the 
next major deepening event, and the deposition of the 
Woodbend Group. This cycle has been recognized 
over a large area (Johnson er al., 1985; Racki, 1993, 
1997: Racki and Bultynck, 1993; among others). 


CONODONTS 
CONODONT FAUNA 


The studied conodont fauna is generally well pre- 
served and has color alteration index (CAI) of 2 (Ep- 
stein et al., 1977). The Archie well was sampled at 75 
intervals, with each sample averaging 448 g, whereas 
the 51 Forestry well samples averaged 702 g. The 
sampled intervals are shown on Text-figures 7 and 8, 
with listings of selected species only. 

Of some interest is the concentration of conodonts 
in allochthonous carbonate sands in the foreslope suc- 
cession in the Forestry well, from samples number 5 
through 13 (interval from 8564.5 ft, 2610.5 m_ to 
8624.5 ft, 2628.7 m). The conodont animals may have 
inhabited a more proximal foreslope environment, and 
were concentrated when the sand was episodically 
shed down the reef foreslope and deposited in and 
around the well-site. 


CONODONT BIOSTRATIGRAPHY 


Five, and possibly six, conodont zones are recog- 
nized in the Beaverhill Lake Group as represented in 
the two wells. In ascending order, they are the Upper 
subterminus Fauna, the norrisi Zone, and MN (Mon- 
tagne Noire) zones | to 4. The first interval is tenta- 
tively recognized in the lowest parts of the Archie 
well, and is succeeded by the norrisi Zone in the same 
well. Zone MNI may possibly be present in the lowest 
parts of the Forestry well. The higher zones are present 
in both wells. In the following discussion, refer to 
Text-figures 7 and 8. It should be noted that the Archie 
well was independently sampled by McLean and Klap- 
per (1998), and they recognized exactly the same zonal 
succession. 

The history of the subterminus Fauna was succinct- 
ly summarized by Rogers (1998), so suffice it to say 
here that Bunker and Klapper (1984) and Witzke er al. 
(1985) had proposed the subterminus Fauna as the 
shallow-water carbonate shelf equivalent of the dis- 
parilis Zone of the standard conodont zonation. How- 
ever, the exact relationship of the subterminus Fauna 
to the standard zonation was found to be not entirely 
clear in a study of the Little Cedar and lower Coral- 
ville formations of Iowa, by Rogers (1998). The re- 
fined definition of the fauna, as subsequently proposed 
by Witzke er al. (1989), is inapplicable to the Beav- 


erhill Lake collection in these wells. The Upper sub- 
terminus Fauna has been recognized, however, in some 
wells included in the overall study, of which this is a 
part (see Wendte et al., 1995). 

In the Archie well, the lowest interval of 2313.0 to 
2320.7 m, below the first occurrence of Pandorinellina 
insita (Stauffer), is possibly assignable to the norrisi 
Zone (see below). This is based on our more regional 
correlations, where the base of the norrisi Zone occurs 
much lower. The following species that appear in this 
interval and continue on higher include Polygnathus 
angustidiscus, P. xylus xylus, P. dubius, P. alatus, and 
Icriodus subterminus. 

The norrisi Zone, proposed by Klapper and Johnson 
(in Johnson, 1990), is the youngest Middle Devonian 
conodont zone. This zonal interval was previously re- 
ferred to the Lowermost asymmetricus Zone of Ziegler 
(1971) (Klapper and Johnson [ibid.]). Although the en- 
try of Skeletognathus norrisi marks the base of the 
zone, in its absence the zonal base is approximated 
with the entry of Pandorinellina insita. The zone is 
recognized in the Archie well, within the interval of 
2291.8 to 2310.1 m. Herein, S. norrisi was recovered 
only from an interval assigned to MN Zone 2 in the 
Forestry well. That this species ranges as high as MN 
Zone 2 has been demonstrated by means of graphic 
correlation by Klapper (1997). 

The Frasnian Stage of the Upper Devonian was di- 
vided by Klapper (1989) into 13 conodont zones at the 
Montagne Noire in southern France. Of these, the low- 
est four zones, MN zones | to 4, are recognized in the 
Beaverhill Lake sequence. The interval of MN zones 
1 to 4 was previously referred to the Lower asymme- 
tricus Zone of Ziegler (1971). It should also be noted 
that the interval, including the norrisi Zone, and MN 
zones | to 3, was placed in the falsiovalis Zone by 
Sandberg er al. (1989) (Klapper and Johnson in John- 
son, 1990). 

The base and the top of MN Zone | are at the first 
appearances of the early and late forms of Ancyrodella 
rotundiloba (Klapper, 1985), respectively. In the Ar- 
chie well, MN Zone 1 occurs in the interval of 2253.2 
to 2291.3 m, and may be present in the lowest parts 
of the Forestry well, in the interval of 2630.1 to 2634.1 
m. The only occurrence of A. binodosa is within MN 
Zone | in the Archie well. Polygnathus incompletus 
makes its first appearance within this zone and contin- 
ues up to MN Zone 2, also in the Archie well. 

MN Zone 2 has its base and top at the first appear- 
ances of the late form of Ancyrodella rotundiloba and 
A. rugosa, respectively (Klapper, 1989). In the Archie 
well, it is in the interval of 2236.3 to 2249.1 m, and 
in the Forestry well, 2622.3 to 2629.7 m. The only 
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Ancyrodella rugosa 
Ancyrodella alata 

Pol. cf. P. decorosus 
Ancyrodella triangulata 
Anc. postbinodosa 
Ancyrodella africana 
|Meso. bogoslovskyi 


Anc. rotundiloba early 
Polygnathus pennatus 


interval (m) 
Pol. angustidiscus 
Pol. xylus xylus 
Polygnathus alatus 
>|Polygnathus dubius 
Pandorinellina insita 
Ike 
Pol. incompletus 
Ancyrodella binodosa 
Anc, rotundiloba late 
Ozark. sannemanni 
|lcriodus expansus 
Ancyrodella recta 
Polygnathus tedi 
Ozarkodina brevis 
> |Mesotaxis ovalis 
Conodont zones 


Cycles 


=i 


7103.0-7104.5 |2165.0-2165.5 
74|7104.5-7107.5 |2165.5-2166.4 
73|7113.0-7114.5 |2168.0-2168.5 
72|7122.0-7125.5 2170.8-2171.9| 
71|7133.5-7136.0 |2174.3-2175.1 x x 
7142.6-7145.1 |2177.1-2177.8 
7148.5-7150.8 |2178.9-2179.6 ? 
7161 .3-7163.5 |2182.7-2183.4 x 
67 |7163.8-7166.3 |2183.5-2184.3 
66|7169.5-7171.0 |2185.3-2185.7 2: 
65|7176.0-7178.0 |2187.2-2187.9 
64|7180.0-7183.0 |2188.5-2189.4 
63|7184.0-7186.5 |2189.7-2190.4 x ? 
62|7202.0-7206.0 |2195.2-2196.4 x 
61|7212.3-7214 3 |2198 3-2198.9 | il |x x 
60 [7218.3-7220.3 2200.1-2200.7 X|X 

x 

x 


_|/criodus subterminus 
<|Meso. asymmetrica 
><|Pal. paradisparilis 
>| Pol. cf. P. webbi 
>|Palmatolepis transitans 


o{|Sample No 
interval (ft) 
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|_| 
xlx[s 
Pad 
~ 
| 
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4 
We 
a 


2 
) 


MN 4 


| KK) 


59|7228.5-7230.5 |2203.2-2203.9| x] |? | x|x 
58|7232.3-7233.3 |2204.4-2204.7| X 
57 |7235.5-7237.5 |2205.4-2206.0 
56 [7239 5-7241.0 |2206.6-2207.1 ? 
7243.5-7245.5 [2207 8-2208.4 lal [2?T [x 
7248.5-7250.5 |2209.3-2210.0 x[x 
7253.5-7255.5 |2210.9-2211.5 x 
7256.0-7258.0 (2211.6-2212.2 eel 
1|7262.5-7264.5 |2213.6-2214 2 x 
50|7270.5-7271.5 |2216.0-2216.4 | 
49|7278.3-7279.8 |2218.4-2218.9| X 
48/7281 .5-7284.0 |2219.4-2220.2| X 
47 |7286.0-7288.0 |2220.8-2221.4 aE 
46 |7291.0-7293.3 |2222.3-2223.0 [x 
45|7298.0-7299.8 |2224.4-2225.0 x 
44|7303.0-7305.0 |2226.0-2226.6 x 
43|7316.5-7318.5 |2230.1-2230.7 aaa x if 
42|7323.0-7325.0 |2232.1-2232.7 x |X X[ x] x 
1|7333.0-7334.5 |2235.1-2235.6 | ct iG x 
40|7337.0-7339.0 |2236.3-2236.9| X cf |X| X x|x 
39|7346.5-7348.5 |2239.2-2239.8| | X 
38|7351.0-7352.5 |2240.6-2241.0 Xi OGIEX 
37|7357.0-7359.5 |2242.4-2243.2 
36 |7363.5-7365.0 |2244.4-2244.9| | X x 
35|7371.5-7373.5 |2246.8-2047.4| | [| X 
34|7377.5-7379.0 |2248.7-2249.1 

31 |7392.5-7394.5 |2253 2-2253.8 
30|7396.5-7398.5 |2254.5-2255.1| | X| xX 
28|7416.8-7418.0 |2260.6-2261.0 
27|7420.3-7422.8 |2261.7-2262.5 x 
26|7429.8-7431.5 |2264.6-2265.1| | X 
24|7444.5-7446.0 |2269.1-2269.5 
23/7454.0-7455.5 |2272.0-2272.4 x 
22|7460.0-7461.5 |2273.8-2274.3 
21 |7462.3-7464.0 |2274 .5-2275.0 
20|7472.0-7473.5 |2277.5-2277.9 
19|7483.0-7484.8 |2280.8-2281.4| | 2 | 
18|7488.0-7489.5 |2282.3-2282.8 
17|7499.0-7500.5 [2285.7-2286.2 
16|7509.0-7510.5 |2288.7-2289.2| | 
15|7516.0-7517.5 |2290.9-2291.3 x 
14|7519.0-7520.5 [2291 8-2292.2 
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Text-figure 7—Distribution of conodonts in the Beaverhill Lake Group in the Pan American Home Archie 4-1-66-8W5 well. Anc. 
Ancyrodella, Meso. = Mesotaxis, Ozark. = Ozarkodina, Pal. = Palmatolepis, Pol. = Polygnathus. SWP = Swan Hills Platform, D. Fm. = 
Duvernay Formation, MN = Montagne Noire. Note: The sampled intervals that were barren of conodonts, or those that yielded only indeter- 
minate fragments, have been omitted. 
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Text-figure 8.—Distribution of conodonts in the Beaverhill Lake Group in the Imperial Forestry 16-7-64-10W5 well. (See caption to Text-fig. 


7 for abbreviation and notes.) 


occurrences of Ozarkodina sannemanni in both wells 
are within MN Zone 2. 

MN Zone 3 is defined with its base and top at the 
first appearances of Ancyrodella rugosa and Palma- 
tolepis transitans, respectively (Klapper, 1989). In the 
Beaverhill Lake sequence, P. transitans makes a late 
appearance, based on graphic correlation by Klapper 
(pers. commun., 1995). The top of the zone is instead 


marked by the first occurrence of A. postbinodosa, 
which is restricted to Zone 4, again based on graphic 
correlation by Klapper (pers. commun., 2000). Using 
this revised base of MN Zone 4 (and therefore, the top 
of MN Zone 3), the zone is present in the Forestry 
well within the interval of 2587.1 to 2620.7 m, and in 
the Archie well, 2203.2 to 2235.6 m. The species con- 
fined to this zone include A. recta, possibly A. trian- 
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gulata, and Polygnathus tedi in both wells, and in the 
Forestry well only, Mesotaxis distinctus and M. keithi. 
The species with their lowest occurrences within this 
zone include Polygnathus cf. P. decorosus of Uyeno 
(1974), A. alata, M. asymmetrica, and M. ovalis in 
both wells, and Playfordia primitiva in the Forestry 
well only. 

As noted above, the base of MN Zone 4 in the pres- 
ent study is at the first occurrence of Ancyrodella post- 
binodosa. Using this definition, the zone is present in 
the Forestry well within the interval of 2535.8 to 
2586.1 m, and in the Archie well, 2165.0 to 2200.7 
m. In the Forestry well, Palmatolepis transitans makes 
its first appearance at 2539.6 m, and in the Archie well, 
at 2165.5 m. That the occurrences in the Forestry well 
are high in MN Zone 4, and approaching MN Zone 5, 
is suggested by a form of P. transitans that may be 
transitional to P. gutta (see under P. transitans in the 
Systematics section). Mesotaxis bogoslovskyi and P. 
paradisparilis also occur high within the zone, while 
A. africana has a longer range within the zonal inter- 
val. No conodonts to suggest the presence of MN Zone 
5 were found in either of these wells. 


SYSTEMATIC PALEONTOLOGY 


All of the genera listed in this section belong to the 
Polygnathidae, in the sense used by Klapper, Kuz’ min, 
and Oynatanova (1996, p. 137). The distribution of the 
listed conodonts is given in Text-figures 7 and 8. 

The primary type and figured specimens are depos- 


ited in the collection of the Geological Survey of Can- 
ada (GSC), 601 Booth Street, Ottawa, Ontario. 


Family POLYGNATHIDAE Bassler, 1925 
Genus ANCYRODELLA Ulrich and Bassler, 1926 


Type species.—Ancyrodella nodosa Ulrich and Bas- 
sler, 1926, p. 48. 


Ancyrodella postbinodosa, new species 
Plate 1, figures 16-19 


Diagnosis.—Pa element with two distinctly large 
nodes on either side of platform; nodes may be accom- 
panied by up to three much smaller nodes on one side, 
or both sides, of platform. Platform outline asymme- 
trical, with straight outer that is parallel with keel, and 
a rounded inner. Upper surface may have faint anter- 
iorly-pointed ridges running from central node. Free 
blade and carina form very gentle curve. Denticles on 
free blade and posterior part of carina higher than 
those on mid-carina. Basal pit moderate-sized, with 
traces of laterally- or anteriorly-directed secondary 
keels. 

Remarks.—Pa element is similar to Ancyrodella 
binodosa Uyeno, from which it differs primarily in its 
asymmetrical platform outline. The latter has rounded 
platform margins on both sides, and also a larger basal 
pit at similar growth stages. Based on graphic corre- 
lation (Klapper, pers. commun., 2000), the new species 
makes its first appearance in MN Zone 4. In this study, 
the lowest occurrence is taken as the base of that zone. 


PLATE 1 


All specimens of Pa elements. All figures *50. All depth intervals have been corrected to logs. “Archie well” cited below is the Pan 
American Home A-1 Archie 4-1-66-8W5 well, GSC locality number C-222352; ‘‘Forestry well” is the Imperial Forestry 16-7-64-10W5 well, 


GSC locality number C-222353. 


1, 2. Ancyrodella rotundiloba (Bryant, 1921), early form of Klapper (1985) 
1, 2. GSC 122721: Upper and lower views. Archie well, sample 15 (7516.0—7517.5 ft; 2290.0—2291.3 m). 


3, 8, 9. Ancyrodella alata Glenister and Klapper (1966) 


3. GSC 122722: Lower view. Forestry well, sample 12 (8571.5—8574.0 ft: 2612.6—2613.4 m). 

8, 9. GSC 122723: Lower and upper views. Archie well, sample 45 (7298.0—7299.8 ft; 2224.4—2225.0 m). 
4, 5. Ancyrodella rotundiloba (Bryant, 1921), late form of Klapper (1985) 

4, 5. GSC 122724: Upper and lower views. Forestry well, sample 5 (8621.5—8624.5 ft; 2627.8—2628.7 m). 


6, 7. Ancyrodella triangulata Kralick (1994) 


6, 7. GSC 122725: Upper and lower views. Forestry well, sample 8 (8595.5—8598.0 ft; 2619.9—2620.7 m). 


10, 11. Ancyrodella rugosa Branson and Mehl (1934) 


12, 13. Ancyrodella recta Kralick (1994) 


12, 13. GSC 122727: Lower and upper views. Forestry well, sample 13 (8564.5—8567.0 ft; 2610.5—2611.2 m). 


14, 15. Ancyrodella africana Garcia-L6pez (1981) 


14, 15. GSC 122728: Upper and lower views. Archie well, sample 66 (7169.5—7171.0 ft; 2185.3-2185.7 m). 


16-19. Ancyrodella postbinodosa, n.sp. 


16, 17. GSC 122729 (holotype): Upper and lower views. Archie well, sample 60 (7218.3—7220.3 ft; 2200.1—2200.7 m). 
18, 19. GSC 122730 (paratype): Upper and lower views. Forestry well, sample 25 (8468.0—8470.5 ft; 2581.0—2581.8 m) 
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Stratum typicum and locus typicus.—Beaverhill Mesotaxis distinctus Ovnatanova and Kuz’ min, 
Lake Group, Archie well, sample 60 (7218.3—7220.3 199] 
ft; 2200.1—2200.7 m). Plate 2, figures 1, 2 


Type series.—Holotype, the specimen illustrated in 
Plate 1, figures 16, 17 (GSC 122729). Paratype, GSC 


Mesotaxis distinctus Ovnatanova and Kuz’ min (1991, p. 45, 47, pl. 
Ieetiesel 2): 


122730. 
; Derivation of name.—In reference ue the close sim- Remarks.—One of the key characteristics of this 
ilarity of the species to Ancyrodella binodosa Uyeno, species is the carina that terminates before the poste- 
1967. rior end of the platform. There are two forms in the 
present material, one with a broad platform, and the 
Genus MESOTAXIS Klapper and Philip, 1972 other with narrow platform. The latter form may have 
adcarinal areas that are free of nodes, and in this re- 
Type species.—Polygnathus asymmetricus Bischoff spect differs from the holotype specimen. There seems 
and Ziegler, 1957, pp. 88-89. to be no biostratigraphic significance to the forms 
a 
PLATE 2 


All specimens of Pa elements, unless otherwise indicated. All figures *50. All depth intervals have been corrected to logs. “‘Archie well” 
cited below is the Pan American Home A-1 Archie 4-1-66-8W5 well, GSC locality number C-222352; “‘Forestry well” is the Imperial Forestry 
16-7-64-10W5 well, GSC locality number C-222353. 


1, 2. Mesotaxis distinctus Ovnatanova and Kuz’ min (1991) 
1. GSC 122731: Upper view. Forestry well, sample 8 (8595.5—8598.0 ft; 2619.9—2620.7 m). 
2. GSC 122732: Upper view. Forestry well, sample 8 (8595.5—8598.0 ft; 2619.9—2620.7 m). 
3, 4. Skeletognathus norrisi (Uyeno, 1967) 
3, 4. GSC 122733: Upper and lateral views. Forestry well, sample 7 (8603.5—8605.5 ft; 2622.3—2623.0 m). 
5-7. Mesotaxis keithi, n.sp. 
5. GSC 122734 (paratype): Lower view. Forestry well, sample 8 (8595.5—8598.0 ft; 2619.9—2620.7 m). 
6. GSC 122735 (paratype): Lower view. Forestry well, sample 8 (8595.5—8598.0 ft; 2619.9—2620.7 m). 
7. GSC 122736 (holotype): Upper view. Forestry well, sample 8 (8595.5—8598.0 ft; 2619.9—2620.7 m). 
8. Mesotaxis bogoslovskyi Ovnatanova and Kuz’ min (1991) 
8. GSC 122737: Upper view. Archie well, sample 72 (7122.0—7125.5 ft; 2170.8—2171.9 m). 
9-11. Palmatolepis paradisparilis, n.sp. 
9. GSC 122738 (paratype): Upper view. Archie well, sample 75 (7103.0—7104.5 ft; 2165.0—2165.5 m). 
10. GSC 122739 (holotype): Lower view. Forestry well, sample 48 (8329.5—8332.0 ft; 2538.8—2539.6 m). 
11. GSC 122740 (paratype). Upper view. Archie well, sample 75 (7103.0—7104.5 ft; 2165.0—2165.5 m). 
12, 13, 16-18. Polygnathus tedi, n.sp. 
12, 13. GSC 122741 (paratype): Lower and upper views. Archie well, sample 45 (7298.0—7299.8 ft; 2224.4—2225.0 m). 
16, 17. GSC 122742 (holotype): Upper and lateral views. Forestry well, sample 13 (8564.5—8567.0 ft; 2610.5—2611.2 m). 
18. GSC 122743 (paratype): Lateral view of Pb element. Forestry well, sample 13 (8564.5—8567.0 ft; 2610.5—2611.2 m). 
14. Mehlina gradata Youngquist (1945) 
14. GSC 122744: Lateral view. Forestry well, sample 12 (8571.5—8574.0 ft; 2612.6-2613.4 m). 
15. Playfordia primitiva (Bischotf and Ziegler, 1957) 


19. Ozarkodina sannemanni (Bischoff and Ziegler, 1957) 
19. GSC 122746: Upper view. Forestry well, sample 5 (8621.5—8624.5 ft; 2627.8—2628.7 m). 
20, 21. Icriodus subterminus Youngquist (1947) 
20, 21. GSC 122747: Upper and lateral views of I element. Forestry well, sample 5 (8621.5—8624.5 ft; 2627.8—2628.7 m). 
22, 23. Polygnathus ct. P. decorosus Stauffer (1938) of Uyeno (1974) 
22. GSC 122748: Upper view. Archie well, sample 58 (7232.3—7233.3 ft; 2204.4—2204.7 m). 
23. GSC 122749: Upper view. Forestry well, sample 23 (8482.0—8484.5 ft; 2585.3—2586.1 m). 
24, 25. Palmatolepis transitans Miller (1956) 
24, 25. GSC 122750: Upper and lower views. Forestry well, sample 48 (8329.5—8332.0 ft; 2538.8-2539.6 m). 
26. Polygnathus incompletus Uyeno (1967) 
26. GSC 122751: Upper view. Archie well, sample 15 (7516.0—7517.5 ft; 2290.0—2291.3 m). 
27. Polygnathus alatus Huddle (1934) 
27. GSC 122752: Upper view. Forestry well, sample 8 (8595.5—8598.0 ft; 2619.9—-2620.7 m). 


166 BULLETIN 369 


since they occur in similar intervals. Similar variations 
were noted by Klapper (1989) in Polygnathus dengleri 
Bischoff and Ziegler. 


Mesotaxis keithi, new species 
Plate 2, figures 5—7 


Diagnosis.—Pa element with symmetrical to slight- 
ly asymmetrical platform. Platform upper surface cov- 
ered with fine nodes, with free blade and carina form- 
ing straight line. Carina extends to posterior end of 
platform. Free blade about half of platform length. Pit 
small, surrounded by large, symmetrical basal cavity, 
located mid-way between mid-length and anterior end 
of platform. 

Remarks.—In its symmetrical platform outline, the 
new species resembles Mesotaxis ovalis (Ziegler and 
Klapper), although it tends to be more slender. It dif- 
fers from the latter primarily in the shape and position 
of the basal cavity; in M. ovalis, the basal cavity is 
more asymmetrical and located in mid-length of plat- 
form. 

Stratum typicum and locus typicus.—Beaverhill 
Lake Group, Forestry well, sample 8 (8595.5—8598.0 
ft; 2619.9—-2620.7 m). 

Type series.—Holotype, the specimen illustrated in 
Plate 2, figure 7 (GSC 122736). Paratypes, GSC 
122734 and 122735. 

Derivation of name. 


From proper noun, Keith. 


Genus PALMATOLEPIS Ulrich and Bassler, 1926 
Type species.—Palmatolepis perlobata Ulrich and 
Bassler, 1926, p. 49. 
Palmatolepis paradisparilis, new species 
Plate 2, figures 9-11 


Palmatolepis disparilis Ziegler and Klapper?. Uyeno, 1991, p. 144, 
pl. 3, figs. 20, 21. 


Diagnosis.—Pa element with asymmetrical plat- 
form, the outer lobe slightly to moderately developed: 
lobe oriented laterally to slightly anteriorly. Upper sur- 
face smooth to sparsely nodose. Free blade-carina out- 
line straight to slightly curved, with carina terminating 
before posterior end of platform. Basal pit large, asym- 
metrical, L-shaped, and clearly raised above surround- 
ing platform. 

Remarks.—The basal pit of the present species is 
similar in shape and size to that of Palmatolepis dis- 
parilis Ziegler and Klapper. The principal difference 
is in the outline of the platform, which in P. parad- 
isparilis is more slender, with a narrow inner side, and 
a lobe on the outer. Platform of P. disparilis is also 
more robust and its upper surface more nodose. 

Stratum typicum and locus typicus.—Beaverhill 


Lake Group, Forestry well, sample 48 (8329.5—8332.0 
ft; 2538.8—2539.6 m). 

Type series.—Holotype, the specimen illustrated in 
Plate 2, figure 10 (GSC 122739). Paratypes, GSC 
122738 and 122740. 

Derivation of name.—In reference to the close sim- 
ilarity of the species to Palmatolepis disparilis Ziegler 
and Klapper. 


Palmatolepis transitans Miiller (1956) 
Plate 2, figs. 24, 25 
Palmatolepis transitans Miiller, 1956, pp. 18-19, pl. 1, fig. 1; Klap- 
per, Kuz’min, and Oynatanova, 1996, pp. 149-150, fig. 9.14 [see 
for further synonymy]; Kuz’min, 1998, pl. 7, fig. 1, pl. 8, figs. 
1, 6, 7; Ding, Jiang, and Bai, 2000, pl. 1, fig. 18. 


Remarks.—The specimen in PI. 2, figs. 24, 25 here- 
in differs slightly from the holotype in having a small 
sinus at the outer margin immediately adjacent to the 
posterior end of the platform. Its slightly rounded outer 
posterior margin is similar to the specimen illustrated 
by Kuz’min (1998, pl. 8, fig. 6), a form which he 
considered to be transitional to Palmatolepis gutta 
Kuz’ min. P. gutta, a name given to a species that was 
left in open nomenclature by Uyeno (1991, pl. 3, figs. 
24, 25; pl. 4, figs. 1, 2), is associated with Polygnathus 
timanicus Ovnatanova in the eastern Canadian Cordil- 
lera. P. timanicus has its lowest occurrences within 
MN Zone 5 (Klapper, 1997). 


Genus POLYGNATHUS Hinde, 1879 


Type species.—Polygnathus dubius Hinde, 1879, 
pp. 361-302. 


Polygnathus tedi, new species 
Plate 2, figures 12, 13, 16-18 


Ozarkodina(?) aff. proxima (Pollock, 1968). Racki and Bultynck, 
1993, pl.3; fig. 12. 


Diagnosis.—Pa element with an extended platform 
on either side, reaching to or almost to, the anterior 
and posterior ends. Free blade may therefore be ex- 
tremely short. Platform widest adjacent to the basal 
cavity and main cusp. Upper surface of platform 
smooth; the widest part may have a node on one or 
both sides. The free/fixed blade-carina outline almost 
straight to gently incurved or sinuous. Unit gently 
arched as laterally viewed. Anterior of the cusp, the 
carina-free/fixed blade outline rises gently or steeply, 
with highest point near anterior end, followed by 2 or 
3 small denticles. Basal pit moderately large, located 
about one-third of unit length from posterior end, with 
keels extending to both ends. 

Remarks.—Some specimens with sinuous free/fixed 
blade-carina outline superficially resemble Tortodus 
sp. A of Sparling (1999). The latter differs in several 
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aspects, however, including absence of any free blade, 
more central position of basal cavity and lack of large 
nodes on platform. Polygnathus beckmanni Bischoff 
and Ziegler similarly has fixed blade, but displays 
strong ridges on the platform. 

The Pa element of the genus Polygnathellus Ulrich 
and Bassler (1926), as exemplified by its type species, 
P. typicalis, differs from Polygnathus tedi in its den- 
ticulation pattern: as laterally viewed, the outline of 
the denticles slopes downward from the main cusp, 
located over the pit, towards both ends. 

The Pa element with fixed blade superficially resem- 
bles Ancyrognathus ancyrognathoideus (Ziegler). The 
latter differs from the present species in displaying a 
platform that 1s more uniformly tapering, with no 
abrupt widening adjacent to the cusp; also, there are 
no nodes on the platform. 

A large Pb element was recovered with the Pa ele- 
ment of Polygnathus tedi. It is similar to some Pb el- 
ements assigned to Ancyrognathus, and illustrated by 
Klapper (1990, figs. 7.13 and 8.14). It has morpholog- 
ical similarities to the Pa elements in its general ro- 
bustness, and large cusp, the wide ledge, and moder- 
ately large pit. 

Stratum typicum and locus typicus.—Beaverhill 
Lake Group, Forestry well, sample 13 (8564.5—8567.0 
ft; 2610.5—2611.2 m). 

Type series.—Holotype, the specimen illustrated in 


Plate 2, figures 16, 17 (GSC 122742). Paratypes, GSC 
122741 and 122743. 

Distribution.—Found in MN Zone 3. Also in MN 
Zone 3 equivalent in the Kielce area, Holy Cross 
Mountains of southern Poland (Racki and Bultynck, 
1993). 

Derivation of name. 
rivative of Theodore. 


From proper noun, Ted, a de- 


Polygnathus cf. P. decorosus Stauffer of Uyeno, 
1974 
Plate 2, figures 22, 23 
Polygnathus cf. P. decorosus Stauffer. Uyeno, 1974, p. 38-39, pl. 

4, figs. 2, 7; pl. 5, fig. 2. 

Diagnosis.—The free blade of the Pa element about 
half of unit length, and is extremely high at its mid- 
point, and abruptly or gradually sloping downward at 
anterior end. Unit straight to gently incurved. Lateral 
outline shows lower margin of unit gently and contin- 
uously arched. Pit narrow, of moderate size, surround- 
ed by inverted basal cavity. Platform saggitate, rimmed 
with subdued nodes, or abbreviated, not reaching the 
posterior end. 

Remarks.—The specimen illustrated by Uyeno 
(1974, pl. 4, fig. 7C) displays a wide inverted basal 
cavity; its full platform development is similar to the 
specimen in Plate 2, figure 23. The specimen in Plate 
2, figure 22, with abbreviated platform, is similar to 
that in Uyeno (1974, pl. 4, fig. 2). 
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APPENDIX 


For those species that are illustrated but not dis- 
cussed in the Systematic Paleontology section, a brief 
synonymy is provided. Unlike conventional synonymy 
style, no attempt is made to trace the history of no- 
menclatural changes; rather, to conserve space, the 
names used in the references are omitted. The name 
preferred herein, however, is at the head of each entry. 


Ancyrodella africana Garcia-L6opez (1981) 
Plate 1, figures 14, 15 


Garcia-Lopez, 1981, pp. 264-265, pl. 1, figs. 1-14; Klapper, 1985, 
pp. 28-29, pl. 8, figs. 11-22; pl. 9, figs. 1-16; text-figs. 3S, T, 
AA, BB; Garcia-Lopez, 1987, pp. 57-58, pl. 2, figs. 8-19; Van- 
delaer et al., 1990, p. 329, pl. 1, figs. 6, 7. 


Ancyrodella alata Glenister and Klapper (1966) 
Plate i; fisuress3; 85.9) 


Glenister and Klapper, 1966, pp. 799-800, pl. 85, figs. 1-8; Weary 
and Harris, 1994, pl. 2, figs. 11-14; Kralick, 1994, p. 1393, pl. 
3, figs. 1, 2 [?]; pl. 4, figs. 5, 6 [?]; Bai er al., 1994, pl. 2, figs. 
1, 3; Ding er al., 2000, pl. 1, figs. 9, 10, 13, 14. 


Ancyrodella recta Kralick (1994) 
Plate 1, figures 12, 13 
Kralick, 1994, pp. 1387, 1390, figs. 3.5, 3.6, 3.11, 3.12, 4.11, 4.12, 


6.1, 6.2, 6.5, 6.6, 6.9, 6.10; Racki and Bultynck, 1993, pl. 9, figs. 


SG: 


Ancyrodella rotundiloba (Bryant, 1921) 
Plate 1, figures 1, 2, 4,5 

Bryant, 1921, pp. 26-27, pl. 12, figs. 1-6; Klapper, 1985, pp. 24, 
26-27, pl. 1, figs. 1-20; pl. 2, figs. 1-12: pl. 3, figs. 1-12: pl. 4, 
figs. 9-12; pl. 8, figs. 9, 10; pl. 11, figs. 3, 4; text-fig. 3 A-J, M, 
N [synonymy]; Racki and Bultynck, 1993, pl. 6, fig. 8; Kralick, 
1994, p. 1387, figs. 3.15—3.24, 4.7, 4.8, 5.3, 5.4, 5.7-5.11 [syn- 
onymy]; Weary and Harris, 1994, pl. 2, figs. 1-10, 19-21; Bai 
et al., 1994, pl. 1, figs. 2, 3, 8. 


Ancyrodella rugosa Branson and Mehl (1934) 
Plate 1, figures 10, 11 


Branson and Mehl, 1934, p. 239, pl. 19, figs. 15, 17; Racki and 
Bultynck, 1993, pl. 8, figs. 10, 11; Weary and Harris, 1994, p. 
217, pl. 1, figs. 14, 15; Iudina, 1995, pl. 1, fig. 10. 


Ancyrodella triangulata Kralick (1994) 
Plate 1, figures 6, 7 


Kralick, 1994, pp. 1390, 1393, figs. 3.3, 3.4, 3.9, 3.10, 4.1—-4.4, 6.3, 
6.4, 6.7, 6.8, 6.11, 6.12. 


Icriodus subterminus Youngquist (1947) 
Plate 2, figures 20, 21 


Youngquist, 1947, p. 103, pl. 25, fig. 14; Racki and Bultynck, 1993, 
pl. 3, fig. 8: Rogers, 1998, p. 737, figs. 6.2-6.6 [synonymy]. 


Mehlina gradata Youngquist (1945) 
Plate 2, figure 14 


Youngquist, 1945, p. 363, pl. 56, fig 3; Klapper and Lane, 1985, p. 
921, fig. 12.1 [synonymy]; Uyeno, 1991, pl. 5, fig. 27. 


Mesotaxis bogoslovskyi Ovnatanova and Kuz’ min 
(1991) 
Plate 2, figure 8 
Ovnatanova and Kuz’ min, 1991, p. 45, pl. 1, figs. 8-10; Klapper er 
al., 1996, p. 140, pl. 6, figs. 11, 12; Kuz’min er al., 1997, fig. 
Le: 


Ozarkodina sannemanni (Bischoff and Ziegler, 1957) 
Plate 2, figure 19 


Bischoff and Ziegler, 1957, pp. 117-118, pl. 19, figs. 15, 19-23, 25; 
Pollock, 1968, p. 439, pl. 63, figs. 22, 24, 25; Bultynck and 
Hollard, 1980, pl. 10, figs. 1-3; Perri and Spalletta, 1981, p. 308, 
pl. 7, fig. 11; Bultynck, 1983, figs. 1.10, 1.11. 


Playfordia primitiva (Bischoff and Ziegler, 1957) 
Plate 2, figure 15 
Bischoff and Ziegler, 1957, p. 83, pl. 21, figs. 5-9; Glenister and 
Klapper, 1966, p. 827, pl. 95, figs. 19, 20; Uyeno, 1974, p. 36, 
pl. 6, figs. 6, 7; Ziegler and Wang, 1985, pl. 3, fig. 14; Uyeno, 
1991, pl. 5, fig. 12. 


Polygnathus alatus Huddle (1934) 
Plate 2, figure 27 
Huddle, 1934, p. 100, pl. 8, figs. 19, 20; Klapper and Lane, 1985, 


p. 932, figs. 16.15—16.17 [synonymy]; Metzger, 1989, p. 518, 
figs. 15.1, 15.2; Uyeno, 1991, pl. 5, fig. 7; Racki and Bultynck, 
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1993, pl. 4, figs. 7, 8; Weary and Harris, 1994, pl. 1, fig. 12; Skeletognathus norrisi (Uyeno, 1967) 
i al., 2 a3 ‘ 
Ziegler et al., 2000, pl. 6, fig. 3. Plate 2, figures 3, 4 
Polygnathus incompletus Uyeno (1967) : 
Plate 2 fieure 26 Uyeno, 1967, p. 10, pl. 2, figs. 4, 5: Perri and Spalletta, 1981, pp. 
—ene Es 305-306, pl. 7, figs. 5, 6; Uyeno in Norris et al., 1982, p. 75, pl. 


36, figs. 23-30, 34-39; Sandberg er al., 1989, p. 214, pl. 5, figs. 
1—12 [synonymy]); Racki and Bultynck, 1993, pl. 3, figs. 9, 10; 
Kirchgasser, 1994, pl. 3, figs. C, K, M-O. 


Uyeno, 1967, pp. 7, 10, pl. 2, figs. 6, 7; Klapper in Ziegler, ed., 
1975, pp. 291-292, Polygnathus-pl. 5, fig. 4: Balinski, 1979, p. 
80, pl. 23, fig. 11. 
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ABSTRACT 


The conodont stratigraphy of the early Famennian sequence of the Montagne Noire is compared with a time series analysis 


of sedimentological proxy data. The results of the time series analysis indicate that deposition of calcareous sediments was mainly 


triggered by surface water carbonate productivity. Thus, a cyclical pattern of carbonate sedimentation has been reconstructed that 


probably reflects the 0.1 Ma Milankovitch cycle. If correlated with the respective conodont zones, a highly unequal conodont 
zonal duration results for the time interval analyzed. Especially, the basal Famennian triangularis Zone has a very short duration 


which indicates a conodont faunal recovery after the Kellwasser mass extinction much shorter than estimated. 


INTRODUCTION 


The Late Devonian biotic crisis, which had its cli- 
max with the Kellwasser mass extinction at the Fras- 
nian-Famennian boundary, is regarded as one of the 
five major mass extinctions in Phanerozoic life history 
(McLaren, 1970). It was named ‘‘Kellwasser event” 
by Walliser (1980, 1984). Numerous authors have 
since focused their investigations on the extinction and 
recovery of various faunal elements involved in this 
major faunal turnover and on the mechanisms and pro- 
cesses that lead to a mass extinction of the magnitude 
of the Kellwasser event. Significant articles that con- 
sidered these topics include Schindler (1990) and Bug- 
gisch (1991). We do not wish to renew the discussion 
of all aspects of a global process as complex as the 
Kellwasser event, but to focus on an important single 
aspect, namely the timing and duration of faunal re- 
covery of conodonts after the extinction. 

Conodonts provide the best fossil record to justify 
such an analysis because they range continuously 
through the event horizon and are by far the most 
abundant fossil group below and above the mass ex- 
tinction layer. In addition, their behaviour and faunal 
development across the Kellwasser event is extraor- 
dinarily well documented throughout the world (e.g., 
Ziegler and Lane, 1987; Sandberg er al., 1988; Ziegler 
and Sandberg, 1990; Schindler, 1990; Klapper er al., 
1993: Schiilke, 1995, 1996, 1998, 1999a,b; Morrow 
and Sandberg, 1996; Morrow, 2000; Schindler er al., 
1998 and many others). Nevertheless, in only a few 
articles are estimates on the duration and timing of the 
faunal recovery given (e.g., Sandberg and Ziegler, 
1992; Morrow and Sandberg, 1996; Schiilke 1998, 
1999a,b). 

These estimates are based chiefly on assumptions of 


average conodont zonal duration in the Late Devonian 
(e.g., Sandberg et al., 1988; Ziegler and Sandberg, 
1990, 1998; Morrow and Sandberg, 1996; Sandberg 
and Ziegler, 1996; Schiilke, 1998). The equal time in- 
tervals of Famennian conodont biozones (0.5 Ma) 
have been calculated by Sandberg and Ziegler (1996) 
by the division of the (possible) duration of the Fa- 
mennian (10 Ma) by the number of conodont zones 
(20). These assumptions provide only a crude tool for 
time calibration—possibly the best exclusively based 
on biostratigraphy, but may not be used without further 
testing (Weddige, 1997). Such testing can be achieved 
by comparing conodont zones with small-scale chro- 
nological and periodical signals that are produced by 
cyclical or sequence stratigraphical approaches. In this 
study, we analyzed two early Famennian sections in 
the Montagne Noire: (1) Upper Coumiac quarry, the 
GSSP for the Frasnian-Famennian boundary, and (2) 
La Serre Trench C. Apart from the high conodont con- 
tent, which allowed a high resolutional conodont bio- 
stratigraphy (Schilke 1995, 1997a, 1999a,b), these 
sections expose an alternating marl- and limestone se- 
quence in the basal Famennian that is highly appro- 
priate for cyclostratigraphical approaches based on its 
carbonate content. Some preliminary results of the se- 
quence stratigraphical analysis presented here have 
been included in earlier publications on early Famen- 
nian high resolution conodont biostratigraphy (Schiilke 
1999a,b) and its implications have been discussed 
there. Because we now have complete data sets for 
both sections and the results of a time series analysis, 
the timing of conodont recovery and the duration of 
Late Devonian standard conodont zones need to be re- 
evaluated. A time series analysis of sedimentological 
data as has been realized here, involves the assumption 
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that the sedimentation rate is relatively constant and 
that the sequence is continuous. These assumptions 
may be justified retrospectively by the positive results 
(Swan and Sandilands, 1995) which made time series 
analysis a standard technique in processing sedimen- 
tological proxy data. In our case, the results seem to 
justify the application of this method, but they will 
nevertheless be treated and their implications dis- 
cussed with caution. 
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GEOLOGICAL SETTING 


The Variscan structures of the southern Massif Cen- 
tral comprise the Cevennes, the Albigeois, and, most 
southward, the Montagne Noire. Fossiliferous Paleo- 
zoic sedimentary sequences of the southern Massif 
Central range from the Lower Cambrian well into the 
Carboniferous. 

Upper Devonian strata are best exposed in the 
southwestern and southeastern parts of the Montagne 
Noire area and belong to two tectonically separated 
units (e.g., Feist, 1983, 1990), the “*nappe unit” from 
the Mont Peyroux area and the “klippen unit” from 
the ““Cabrieres klippen.”’ Both tectonic units represent 
slightly different facies conditions and are claimed to 
have been transported southward (Engel et a/., 1982), 
but paleogeographic reconstruction of Variscan depo- 
sitional basins is far from settled and is beyond the 
scope of this paper (e.g., Scotese, 1986; Young, 1987; 
Morzadec ef al., 1988; Schindler, 1990; Feist and 
Schindler, 1994). 

The early Famennian sedimentary sequences of the 
Montagne Noire comprise alternating marlstones and 
limestones, mostly mud- to wackestones, with a main- 
ly pelagic fossil content. They were deposited in an 
outer shelf environment that generally lacked large- 
scale siliciclastic influx or bottom currents, presumably 
on a widespread drowned carbonate platform. The 
bathymetric position of this carbonate platform is yet 
unsettled, but is assumed to have been below storm- 
wave base and above the base of the photic zone (Feist 


and Schindler, 1994). Our analysis of microfacies pat- 
terns and conodont faunas indicates a water depth be- 
tween 100 and 200 m. 


LocaLity 1: ABANDONED COUMIAC QUARRY 
(BOUNDARY STRATOTYPE OF THE FRASNIAN/FAMENNIAN 
STAGE BOUNDARY) 


Geographic Position 


The abandoned Coumiac quarry is situated in the 
southeastern Montagne Noire, Département Hérault, 
about 1.5 km NE of Cessenon village and 0.175 km 
WSW of the Les Granges farmhouse near the road D 
136 between Cessenon and Causses et Veyran (topo- 
graphic mapsheet 1:25 000 Murviel les Béziers) (Text- 
fics 1), 

The Frasnian part of the boundary stratotype section 
is exposed in the upper quarry (the northernmost of a 
series of three abandoned marble quarries) followed 
by the Frasnian/Famennian boundary above its eastern 
wall. The Famennian part of the section extends on the 
slope in a NE direction where it is exposed in natural 
outcrops and artificial trenches. 


Tectonics and Lithology 


Probably known to, but not reported by, former 
workers (e.g., Klapper et al., 1993), the most recent 
measuring of the Coumiac section during a field cam- 
paign late in 1997 revealed a small wrench fault that 
crosses the Famennian part of the section in a north- 
ward direction. The displacement amounts to about 
0.80 m (Schiilke, 1999b). 

The early Famennian part of the section that is as- 
signed to the Coumiac Formation consists mainly of 
reddish, marly, nodular cephalopod limestones with in- 
tercalated marls. The basal Famennian part of the sec- 
tion exposes evenly bedded, reddish strata. Subse- 
quently, bed character changes to yellowish-red strata 
with knobby bedding planes. In the lowermost middle 
Famennian, the Coumiac Formation is overlain by the 
transgressive, red and partly yellow nodular limestones 
of the Griotte Formation. 


References 


The Coumiac section has been known as a locality 
for Frasnian goniatites since De Rouville (1887). The 
importance of this section for trilobite, goniatite and 
other faunal groups has been emphasized by House er 
al., 1985; Becker et al., 1989; Klapper, 1989; Schin- 
dler, 1990; Feist, 1990, 1991; Lethiers and Feist, 1991; 
Becker, 1993; Klapper ef al., 1993; Feist and Schin- 
dler, 1994; Girard, 1994a, 1994b, 1995; Girard and 
Feist, 1997; and Schiilke, 1995, 1996, 1997b, 1999a,b. 
Chemostratigraphic investigations on this section have 
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Text-figure 1.—Locality map of the studied sections. A: Abandoned Coumiac quarry. B: La Serre Trench C. 


been carried out by Joachimski and Buggisch, 1993, 
Grandjean ef a/., 1993, and Girard and Albarede, 1996. 


LOCALITY 2: LA SERRE TRENCH C 
Geographic Position 

Trench C at La Serre hill is situated in the south- 
eastern Montagne Noire, Département Herault (Text- 
fig. 1), about 2.5 km S of Cabrieres village and 450 
m E of the farmhouse “‘La Rouquette” on the southern 
slope of the hill (topographic mapsheet 1:25 O00 Pe- 
zenas). 

Middle Devonian to Carboniferous rocks on the 
southern slope of La Serre hill are barely covered by 
soil and are frequently exposed in small natural out- 
crops. The section of La Serre trench C was dug under 
the direction of R. Feist (Montpellier) in the late 1970s 
and early 1980s. It extends from the upper Frasnian to 
strata as young as Mississippian, with well-developed 
Frasnian/Famennian and Devonian/Carboniferous 
boundary intervals. 


Lithology 


The deposits of the La Serre trench C section consist 
of well-bedded grey limestone, dark grey shales, 
marls, nodular limestones, and partly black laminated 
limestone beds that belong to the La Serre Formation. 
The lithology differs strikingly from the sequence of 
the Coumiac quarry both in its higher amount of in- 
tercalated shales and marls and the typically light to 
medium grey colors of calcilutite beds. The black Kell- 
wasser facies (black laminated limestones) is contin- 
uous across the Frasnian/Famennian boundary and ex- 
tends into middle Famennian strata. In addition, large 
parts of these rocks have been recrystallized to mi- 
crospar. When compared to Coumiac, significantly 
more benthic faunal elements can be recognized at La 
Serre (e.g., Feist and Schindler, 1994). 


Facies 


The depositional environment of the deposits ex- 
posed at La Serre trench C is presumed to have been 
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shallower than that of Coumiac (e.g., Schindler, 1990; 
Feist and Schindler, 1994) because of its higher con- 
tent of benthic faunal elements. This assumption 1s 
sustained by the generally higher content of /criodus, 
a shallow water conodont taxon, although differences 
are not significant (Schiilke, 1999a). Schindler (1990) 
proposed a middle to deep carbonate ramp environ- 
ment, possibly situated in a slight depression. 
References 

The La Serre section has been analyzed several 
times for its goniatite content, beginning late in the 
nineteenth century (v. Koenen, 1883a,b; Frech, 1887: 
Bergeron, 1889; Schindewolf, 1921; Béhm, 1935; v. 
Gaertner, 1937). Detailed investigations of the gonia- 
tite succession from this locality were published in 
House er al. (1985) and Becker (1993). As is the case 
with the abandoned Coumiac quarry (loc. 1), detailed 
studies of conodont faunas from La Serre began in the 
1980s (Klapper, 1989; Feist, 1990; Klapper and Foster, 
1993; Girard, 1994b, 1995; Schiilke, 1996, 1997a, 
1999a,b). Mega- and microfaunal content has been de- 
scribed by Flajs and Feist (1988), Schindler (1990), 
Feist and Schindler (1994), Derycke er al. (1995), and 
Levy (1999). 


METHODS 


The biostratigraphical correlation of the Coumiac 
and La Serre sections, based on the high-resolution 
conodont zonation, is presented in Schiilke (1999a,b). 
The investigations led to a separate regional conodont 
zonation for the Montagne Noire early Famennian sec- 
tions, which differs slightly from the Late Devonian 
“standard” conodont zonation (Ziegler and Sandberg, 
1990). For differences and correlation of these zona- 
tions see Schiilke (1999a,b). 

The new results we discuss in the following para- 
graphs are based mainly on the processing of the sed- 
imentological proxy data by Spiehl (1999) and Levy 
(1999). Apart from an extensive microfacies analysis 
of the early Famennian sections, which was aimed to 
support or reject the assumption of a continuous sed- 
imentological record with no major distortion in the 
time dimension, we focused on a time series analysis 
of fine-scale carbonate content data of the deposits. We 
found no clear evidence for corruption of the sedi- 
mentological record (e.g., reworking, bottom currents, 
high siliciclasic influx, calciturbidites and so on) and 
consequently assumed a depositional regime that was 
triggered mainly by carbonate productivity and “‘pe- 


lagic snowing.” Otherwise, unequal “thicknesses” of 


the resulting cycles (Text-fig. 2) show minor changes 
of the sedimentation rate through time or differential 
effects of diagenesis on the respective deposits (e.g., 
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Text-figure 2.—Correlation of conodont biozones with carbonate 


content values (crossed hatched lines) and the resulting 0.1 Ma fre- 
quency (bold lines) of the measured sections. 


pressure solution), but without suppression of the ev- 
ident cyclical character of the sequence. 

The bulk samples that were analyzed for their car- 
bonate content were taken bed by bed. If the thickness 
of a single bed exceeded 8 cm, the samples were taken 
every five centimeters of rock thickness. Samples were 
broken down using standard techniques (jaw breaker, 
mortar and pestle). The rock flour was processed using 
the “Carbonate bomb,” following Miiller and Gastner 
(1971) for calcimetry. All carbonate content samples 
(160: Coumiac quarry; 96: La Serre Trench C) were 
measured three times, and the determined values of 
each sample were averaged. The deviation of the car- 
bonate content values was below 5% in all samples. 
The HCl-insoluble residue varied between 99% and 
10%. Since bed-by-bed conodont data exist only for 
the early Famennian part of both sections, Early ri- 
angularis Zone to Late crepida Zone, the time series 
analysis of carbonate content data was run only for 
this interval (Text-fig. 2). 

For time series analysis we chose to use the Fast 
Fourier Transform (FFT), which offers a rapid exe- 
cution at the expense of the following constraints: 


1. The data must be regularly spaced through time and 
the number of observations must be 2” where 7 1s 
an integer. 

There should be no trend in the data. 


in) 
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Text-figure 3.—Power spectra showing the results of the “Fast 
Fourier Transform (FFT) executed on carbonate proxy data from 
the early Famennian sections at Coumiac (A) and La Serre (B). 
Arrows indicating “dominant” waveform used for inverse Fourier 
transformation. 


3. Only integer frequencies are calculated. 


Fourier methods are aimed to decompose a time se- 
ries into a suite of waveforms, the sum of which are 
regarded to form the sequence of data. The resulting 
power spectra (Text-fig. 3) show the amplitude of each 
of the integer frequencies. The cyclicity in a time se- 
ries will normally be represented by a significant spike 
in the power spectra. As can be seen from Text-figure 
3, both power spectra show that the possible cyclicity 
in the sections results from a variety of waveforms of 
similar and comparatively low amplitude, one of 
which has a slightly elevated spike. This means that 
even the most influential cyclical process in the sedi- 
mentation of the early Famennian deposits produces 
only a weak signal. For both sections the highest spike, 
indicating the most powerful single waveform, has 
been used to carry out an inverse Fourier transform in 
order to single out the most dominant cyclicity (Text- 
fig. 2) and remove noise from time series data. 


POSSIBLE FREQUENCIES AND MISTAKES 


The major processes forming marl-limestone alter- 
nations and black shale-carbonate alternations were 
summarized by Einsele and Ricken (1991) as follows: 


1) Productivity cycles that are formed entirely by 
changes in organic surface water carbonate produc- 
tivity. 

2) Dilution cycles that are triggered by oscillating ter- 
rigenous input. 

3) Dissolution cycles that are produced by rhythmic 
oscillation of lysocline and CCD. 

4) Calcareous redox cycles indicate fluctuating oxy- 
genation of bottom waters, which coincides with 
primary organic carbon productivity in surface wa- 
ter. 

5) Diagenetic overprinting enhances original carbon- 
ate-clay differences between beds by carbonate re- 
distribution. 


The true mechanism, or the combination of mech- 
anisms, that formed the early Famennian sequence in 
the Montagne Noire can only be determined by ex- 
cluding or discounting the influence of others. A com- 
plete modification of originally homogeneous sedi- 
ments exclusively by diagenetic redistribution of car- 
bonate is unlikely, although diagenesis definitely 
played a role. Existing pressure solution phenomena 
(stylolites, clay seams) are significant, but far too ob- 
scure to lead to carbonate content values below 1% in 
black shale interbeds. Also, the influence of pre-dia- 
genetic dissolution of the sediments by oscillations of 
the CCD or the lysocline can be excluded in environ- 
ments with a water depth above 200 m—even in the 
middle Palaeozoic with its possibly different oceano- 
graphic conditions. Finally, we think that a fluctuating 
input of the detrital phase may have occurred, but car- 
bonate content values below detection limits cannot be 
produced exclusively by this process. Either primary 
productivity of organic carbonate in surface water or 
bottom water oxygenation due to surface water organic 
carbon production presumably controlled the rate of 
pelagic carbonate mud production in this geological 
setting. 

Most simply, changes in the surface water produc- 
tivity are triggered by climatic changes and water tem- 
perature (Ricken, 1986; Hering, 1995). These changes 
can be caused by orbital forcing and global or region- 
al-scale tectonics (Smith, 1994). During the time in- 
terval investigated, two large-scale T/R-events are re- 
corded that are positioned in the Middle/Late trian- 
gularis Zone and the Middle crepida Zone (Johnson 
et al., 1985; Schiilke, 1999a,b). Both events are easily 
detectable in the early Famennian conodont record by 
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a change in faunal composition (Schiilke, 1999a,b), but 
do not necessarily represent cyclical processes. They 
are presumed to have been caused by global-scale tec- 
tonics and have been interpreted as third-order cycles 
with ‘“‘average”’ durations of about 1.5 Ma (e.g., John- 
son ef al., 1985). Our cyclical signals show much high- 
er frequencies and are, therefore, assumed to be pro- 
duced by changes of orbital parameters (Milankovitch 
cycles). 

In order to extract the maximum frequency resolv- 
able (the Nyquist frequency) with the minimum wave- 
length, which is double the interval between the ob- 
servations, we needed at least a crude estimation of 
the possible duration of the interval under consider- 
ation. The formerly best estimates are based on the 
calculations of average conodont zonal length in the 
Famennian of Sandberg and Ziegler (1996). These au- 
thors (and others) presume an average and almost con- 
stant conodont zonal duration of about 0.5 Ma during 
the whole Famennian, save a few zones with shorter 
durations in the middle Famennian. Consequently, our 
time interval would have lasted about 2.5 to 3 Ma 
following these assumptions. Therefore, the Nyquist 
frequency is calculated to have a minimum wavelength 
of about 30 ka, which corresponds with Milankovitch 
cyclicity. Other estimates of the possible duration of 
the time interval considered can be based on rock 
thickness, for example. The Montagne Noire Famen- 
nian succession in the Mont Peyroux area where the 
abandoned Coumiac quarry is situated (loc. 1) is about 
70 m thick (Feist, 1990). The measured section has a 
thickness of 8 m (Schiilke, 1999b; Spiehl, 1999) which 
is about 12% of the total thickness of the Famennian. 
Given a total duration of the Famennian of 10 Ma 
(Sandberg and Ziegler, 1996), the interval considered 
would have lasted about 1.2 Ma. Presumably, the 
above two estimates (3 and 1.2 Ma) are the limits be- 
tween which the timespan may have varied. 

Which of the orbital parameters had the highest in- 
fluence on carbonate productivity on the Montagne 
Noire carbonate platform during the early Famennian 
can only be assumed. Usually, in areas at low latitudes 
between 20° and 30°, which is the paleogeographic po- 
sition of the Montagne Noire during the early Famen- 
nian (Dineley, 1984; Sandberg et al., 1988), the influ- 
ence of variations of precession is most intense (De 
Boer and Smith, 1994; Schwarzacher, 1993) and is 
presumed to dominate the other orbital parameters. But 
cycle duration is at least partly below the Nyquist fre- 
quency and cannot be singled out in our examples. On 
the other hand, the eccentricity cycles do not show any 
significant change through time—while others did— 
and are found frequently dominating all other cyclic- 
ities throughout the geological record. The major fre- 


Table 1.—Number of cycles and duration of conodont biozones 


under consideration. 


Conodont zone Cycles Duration (ka) 
Early triangularis zone 0.5 50 
Middle triangularis zone 1.5 150 
Late triangularis zone De) 250 
Early crepida zone 5) 500 
Middle crepida zone 6 600 


quencies of eccentricity are the 0.1 Ma and the 0.413 
Ma signals one of which—the 0.1 Ma signal—is well 
known to be amplified by the albedo-temperature and 
moisture-ice mass feedback system (Einsele and Rick- 
en, 1991), which itself triggers surface water produc- 
tivity. Otherwise, the sixteen cycles we were able to 
extract from our data (Text-fig. 2) amount to a duration 
of about 6.5 Ma if formed by the 0.413 Ma signal; 
this corresponds to about two-thirds of total Famen- 
nian duration as measured with isotopic data (e.g., 
Claoué-Long er al., 1992) and is therefore not reason- 
ably considered the dominant frequency. When com- 
pared to the results of Tucker et al. (1998) who esti- 
mated the duration of the Famennian to about 14.5 Ma, 
a similar unbalanced and improbable ratio in duration 
has to be assumed. If the above argument proves cor- 
rect, the cyclicity originates in the 0.1 Ma Milankov- 
itch cycle, and produces a weak signal in our sedi- 
mentary sequence that is somehow elevated signifi- 
cantly above depositional background noise (Tucker eft 
al.,, 1998; tis. b); 


CORRELATION OF CONODONT 
STRATIGRAPHY AND CYCLOSTRATIGRAPHY 


In the stratigraphic interval between the Frasnian/ 
Famennian boundary and the upper limit of the Middle 
crepida Zone 15.5 cycles can be recognized (Text-fig. 
2). The distribution of cycles between the individual 
conodont zones in both sections is equal and allows 
esumation of zonal duration (Table 1). 

The distribution of time between the individual co- 
nodont zones is highly unequal, which contrasts to the 
assumption of Sandberg and Ziegler (1996) of almost 
equal durations of conodont zones throughout the Fa- 
mennian. Only the Early and Middle crepida Zones 
conform to the estimates of the above authors con- 
cerning their durations, while the complete triangula- 
ris Zone corresponds in duration to a single subzone. 
Especially, the duration of the Early triangularis Zone 
(50 ka) is exceptionally short when compared to its 
presumed duration of 0.5 Ma. This fact can be caused 
by the presence of a hiatus in the Coumiac section 
around the Frasnian-Famennian boundary (Schindler, 
1990; Schiilke, 1995, 1999b) and, consequently, a lack 
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of data which may represent a certain interval of non- 
deposition. On the other hand, a comparable hiatus has 
not been observed in the La Serre Trench C section. 
Therefore, we assume this layer does not represent a 
considerable amount of time (comp. Klapper, 1997), 
although this timespan is extraordinarily important to 
the recovery of conodont fauna. 


EVOLUTION AND TIME MEASUREMENT 


The main question raised by our results is what in- 
fluence evolutionary rates exert on the time scale of 
biostratigraphical units used for the subdivision of 
rock sequences. In this case study, an extraordinary 
evolutionary situation with the mass extinction at the 
Frasnian/Famennian boundary forms the starting point 
of the re-differentiation of conodonts in the early Fa- 
mennian. Palmatolepis, which nearly became extinct 
during the Kellwasser event save for a single species 
(e.g., Sandberg et al., 1988; Ziegler and Sandberg, 
1990; Klapper et al., 1993; Schiilke, 1995), produced 
an evolutionary outburst that gave rise to as many as 
19 species in the stratigraphical interval under inves- 
tigation (Schiilke, 1999a). Two major phases of species 
differentiation can be differentiated (Schiilke, 1995, 
1999b): (1) during Middle and Late triangularis 
Zones, and (2) at the beginning of the Middle crepida 
Zone. Between these phases only gradual change oc- 
curs among the species of Palmatolepis; this is attri- 
buted to subspecific level, because no evident y- 
branched speciation process can be singled out (Schiil- 
ke, 1995, 1999a, 2003). The two intervals with in- 
creased evolutionary rates correspond to the T/R pairs 
of the third-order cycles following Johnson et al. 
(1985) (Schiilke, 2003). Other early Famennian co- 
nodont genera (Polygnathus, Ancyrognathus, Icriodus) 
do not show a comparable evolutionary outburst, al- 
though transformational (intraspecific) morphological 
changes correspond in timing with the diversification 
phases in Palmatolepis (Schiilke, 2003). 

On the basis of the facts above several conclusions 
can be drawn: 


(1) Large-scale evolutionary change in conodonts, 
best shown by an almost complete faunal turnover 
in Palmatolepis, coincides with times of large- 
scale sea level fluctuations. 

(2) During the faunal turnover phases, the rate of de- 
velopment of new morphologies is extremly high 
due to increased selectional stresses (Schiilke, 
2003). In addition, new characters do not appear 
at precisely the same time in different species, but 
at various levels within a short period. Conse- 
quently, this period can be subdivided into a va- 
riety of zonal units. On the other hand, the “‘sta- 


sis’ phases between faunal turnovers do not pro- 
vide the stratigrapher with a wide variety of newly 
developed characters and are therefore less well 
subdivided, although they may represent longer 
time intervals. A respective turnover phase, re- 
leased by the faunal recovery after the Kellwasser 
mass extinction and the third-order T/R couplet in 
the basal Famennian, produces as much as three 
zonal boundaries (Early/Middle triangularis Zone, 
Middle/Late triangularis Zone, Late triangularis/ 
Early crepida Zone). 

(3) In contrast, large-scale ecological fluctuation phas- 
es and the subsequent evolutionary changes can 
happen in such a short time interval that several 
new morphologies appear at or nearly at the same 
time. It would be unreasonable to use this spec- 
trum of new forms to create extremely short bio- 
zones. In most cases, a single zonal boundary pro- 
duced by such circumstances can be recognized by 
several species and is consequently very precise. 
An example of this is the T/R pair at the beginning 
of the Middle crepida Zone, which is marked by 
a variety of species having their first appearance 
at or near the zonal boundary between the Early 
and Middle crepida Zones. 


In our study, we focused on the recovery of cono- 
donts after the Kellwasser mass extinction, to which 
our data are able to contribute new estimates about its 
timing. Several authors (e.g., Morrow and Sandberg, 
1996; Schiilke, 1998) have focused on this topic and 
came to nearly identical results. The first recovery of 
a conodont fauna is presumed by them to be finished 
in the middle part of the Late triangularis Zone. Schiil- 
ke (1998) subdivided the complete process into two 
parts following the terms of Harries and Kauffman 
(1990), Kauffman and Erwin (1995), and Kauffman 
and Harries (1996). The “survival phase” is restricted 
to the lower two-thirds of the Early triangularis Zone. 
The “recovery phase,’ consequently, ranges from the 
upper part of the Early triangularis Zone into the mid- 
dle of the Late triangularis Zone. Based on estima- 
tions of average conodont zonal duration, the time 
elapsed in this process amounts to about | Ma (Schiil- 
ke, 1998) which agrees with the statement of Kauff- 
man and Erwin (1995, p. 16), that “recovery intervals 
... rarely last more than 1—2 Ma.”” Our sequence strat- 
igraphical results indicate a duration of conodont re- 
covery after mass extinction of about 300-350 ka 
(compare Table 1) with a survival phase less than 50 
ka, which is far more rapid than expected. This fact 
makes conodonts remarkable when compared to other 
taxa and their recovery intervals, especially those in- 
volved in the Kellwasser mass extinction, whose re- 
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coveries were delayed until the beginning of the Mid- 
dle crepida Zone (Schiilke, 1997b, 1998, which see 
for further literature). 

In fact, estimates on the duration of recovery inter- 
vals after mass extinctions are tested against an inde- 
pendent chronological time scale for the first time in 
this study. Therefore, nothing can be said as to whether 
conodonts reveal incomparable high evolutionary rates 
or not, since ecologically similar organisms throughout 
the Phanerozoic have not yet been studied like cono- 
donts, and the contemporaneous basal Famennian 
groups surely exhibit different lifetime strategies. 


CONCLUSIONS 


Carbonate sedimentation on the drowned Montagne 
Noire carbonate platform in the basal Famennian was 
probably triggered by the 0.1 Ma precession cycle. The 
cyclicity signal retrieved by a time series analysis is 
relatively weak, but its amplitude rises distinctively 
above all other waveforms. It is most important that, 


in both sections under investigation, the same number 
of cycles is developed in the respective conodont 
zones; this underpins the assumption of orbital forcing. 

The cyclicity forms a true and repetitive chronolog- 
ical signal that allows a test of conodont zonal dura- 
tions within the interval under consideration. This test 
shows that zones are not equal in duration, which con- 
trasts with earlier estimations. Immediately after the 
Kellwasser mass extinction at the Frasnian/Famennian 
boundary, evolutionary rates were extremely high, so 
that it is possible to gain high zonal resolution. In con- 
trast, when syn- and autecological conditions are large- 
ly stable, evolutionary rates are comparatively low, 
which results in less biostratigraphical resolution. Pur- 
ther studies are in progress to analyze the Montagne 
Noire sections throughout the whole Famennian to de- 
termine whether the above telescoping of conodont 
zonal durations demonstrated here is exceptional, due 
to the faunal recovery after mass extinction, or wheth- 
er all radiations following minor ecological changes 
produce similar results. 
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ABSTRACT 


The Osagean Series is one of four divisions of the Mississippian Subsystem in North America. Although first described in the 
latter part of the nineteenth century from truncated outcrops along the Osage River in west-central Missouri, the type Osage has 
virtually been ignored by stratigraphers, who now define the Osagean on rock and fossil successions exposed in the Mississippi 


River Valley. This paper revisits the principal reference sections for the type Osage and describes their lithologies, conodonts 
and calcareous foraminifers and algae. Diagnostic conodonts are limited to the mudzistriatus Zone (Faunal Unit 3B) that correlates 
to the lower part of the Burlington Limestone and facies-equivalent Fern Glen beds in the Mississippi River Valley. Calcareous 
microfossils are rare but share elements in common with the type Mississippian, including Rectogranuliferella godini that is 


reported for the first time in North America. 


INTRODUCTION 


The urgent need for establishing boundary strato- 
types within the Carboniferous (e.g., Heckel, 1999, 
2001: Sevastopulo et al., 2001; Villa, 2001; Chuva- 
shov, 2002a,b) has led to the reexamination of regional 
series and stages to find suitable levels for global cor- 
relation. In 2001, the Carboniferous Subcommission 
(SCCS) sponsored a field excursion to the Mississippi 
River Valley (Heckel, in press) to acquaint the inter- 
national geologic community with type sections of the 
Mississippian, including the Osagean Series. Although 
this series is understood in terms of outcrops in the 
Mississippi River Valley, its name and original de- 
scription come from an area in west-central Missouri 
that has been little studied. This paper describes sec- 
tions and microfossils from these latter Osagean beds 


and relates them to the better known Mississippi River 
Valley and other international standard stratigraphic 
successions of the same age. Some of these results 
have been summarized previously in an informal Car- 
boniterous Subcommission guidebook (Lane and 
Brenckle, 1981) as part of a meeting of a SCCS/SEPM 
Working Group on the Mississippian of the U. S. A. 
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MISSOURI 
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Text-figure 1.—Locality map of the three sections described and 
sampled for this report. Osceola is located in the center of St. Clair 
County 


HISTORICAL BACKGROUND 


H. S. Williams (1891, p. 169, 172, 265) introduced 
the term ““Osage Group” as one of three divisions of 
his Mississippian Series and named it for outcrops 
along the Osage River in west-central Missouri, al- 
though no type section was designated (Text-fig. 1). 


He included the Burlington and Keokuk limestones in 
the group because he believed faunas from the two 
formations were present along the river. Keyes (1893, 
p. 60) noted, however, that the Keokuk was absent 
along the entire Osage River and proposed (p. 59) the 
substitute term “Augusta Limestone” [Group] for the 
Burlington and Keokuk limestones of southeastern 
Iowa. He (Keyes, 1895) later emended the definition 
to include the Warsaw Formation at the top of the Au- 
gusta. The inadequacies of the type Osage notwith- 
standing, Weller (1898) and Van Tuyl (1925) promoted 
use of the term “Osage” because of its priority. The 
name gained wide acceptance throughout North Amer- 
ica and has been used as a serial division (Osagean) 
of the Mississippian Subsystem since the publication 
of Ulrich (1911), even though its definition conforms 
more closely to the concept of the Augusta Group than 
to the time-stratigraphic interval represented in the 
type area along the Osage River. Witzke er al. (1990, 
p. 15) reintroduced the term Augusta as a lithostrati- 
graphic grouping for the Burlington-Warsaw interval 
across lowa and into Nebraska. 

Through the years, the concept of the Osagean has 
been modified in both west-central Missouri and the 
Mississippi River Valley (Text-fig. 2). Ulrich (1911) 
lowered the base of the Osagean in the Mississippi 
River Valley to include the Fern Glen Formation of 
Weller (1906), and the dolomitic limestone beds orig- 
inally included in the lower Fern Glen have been re- 
named the Meppen Limestone (Willman er al., 1975). 
Moore (1928) placed his Sedalia Formation of west- 
central Missouri at the base of the Osagean and mis- 
takenly correlated the lower part of that formation to 
the lower Fern Glen (=Meppen Limestone). Spreng 
(1952) and Beveridge and Clark (1952) demonstrated 
that the upper part of Moore’s Sedalia was equivalent 
to the Northview Shale (Weller, 1906) and Pierson 
Limestone (Weller, 1906) to the south. They restricted 
the Sedalia to beds beneath the Northview and placed 
the Kinderhookian-Osagean boundary at the North- 
view-Pierson contact. Northview conodonts (Thomp- 
son and Fellows, 1970), however, are equivalent to the 
earliest Osagean conodont punctatus Zone (Faunal 
Unit 2; Text-figs. 2, 3), suggesting that the Kinder- 
hookian-Osagean boundary actually lies at the North- 
view-Sedalia contact. The dark shales of the North- 
view probably represent a basal transgressive unit of 
the Osagean Series. 

Kaiser (1950) in his review of the type Osage of 
west-central Missouri stated that the most complete 
section is at the abandoned Bullard-Hunt Quarry (Kai- 
ser’s Locality 56), about one mile west of the town of 
Osceola. This locality now serves as the principal ref- 
erence section for the Osage Group. Two of our mea- 
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Text-figure 2.—Osagean microfossil zones/assemblages and their relation to North American Midcontinent formations and western European 


series. Diagnostic conodonts, belonging to the mudtistriatus Zone, are limited to the lower part of the Burlington Limestone in the type Osage. 
The upper part of the Burlington in this area is placed within the /awtus and lanei conodont zones (Faunal Units 4A and 4B) by stratigraphic 
position. The Gilmore City foraminifers are assumed to fit within the hiatus at the Kinderhookian-Osagean boundary in the Mississippi River 
Valley (Brenckle and Groves, 1987), even though this assemblage cannot be correlated directly to either the Mississippi River Valley or the 
type Osage because there are no diagnostic foraminifers in common. The Septaglomospiranella-Prochernyshinella? foraminiferal assemblage 


comes from occurrences listed in Lane and Brenckle (in press, fig. 8); the Rectogranuliferella godini-Mametella chautauquae assemblage from 
occurrences discussed in this paper; and the Endothyra-*Priscella” assemblage is from Witzke et al. (1990) and Lane and Brenckle (in press, 


fig. 8). 


sured sections are located within the quarry and a third 
is nearby (Text-fig. 1). 


BIOSTRATIGRAPHY 
CONODONTS 


Although conodonts are rare and low in diversity in 
our measured sections, the fauna permits correlation of 
the type Osage to the Mississippi River Valley cono- 
dont succession (Text-fig. 2). At the Osceola North 
Roadcut (see Text-fig. 4), a late Kinderhookian cono- 
dont fauna containing Siphonodella sp. and Elictog- 
nathus laceratus was recovered in the Sedalia. Be- 
cause of poor preservation, the fauna is assigned ques- 


tionably to the isosticha—Upper crenulata Zone of 
Sandberg er al. (1978) [=faunal units IF and 1G, Text- 
fig. 2]. Samples from the overlying Northview and 
Pierson did not yield conodonts. However, in south- 
western Missouri, the Northview contains conodonts 
(Thompson and Fellows, 1970) indicative of the ear- 
liest Osagean punctatus Zone (Faunal Unit 2) and be- 
comes as young as the communis carinus Zone (Faunal 
Unit 3A). In northeastern Oklahoma, the base of the 
overlying Pierson is as old as the punctatus Zone and 
the top becomes as young as the bulbosus Zone (Fau- 
nal Unit 6). At the type Osage, the lower part of the 
Burlington Limestone contains conodonts belonging to 
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the multistriatus Zone (Faunal Unit 3B) and, thus is 
equivalent to part of the Pierson to the south. The re- 
mainder of the Burlington in the type Osage lacks di- 
agnostic conodonts but is placed tentatively within co- 
nodont Faunal Unit 4 (Text-fig. 2) on stratigraphic po- 
sition. Representative conodonts are illustrated on 
Plate 1. 


CALCAREOUS MICROFOSSILS 


Early Osagean foraminifers and algae are sparse in 
this study as is typical in most of the North American 
Midcontinent (Brenckle and Groves, 1987). Of a total 
of 45 samples collected, only five contained calcareous 
microfossils—all within the Burlington Limestone— 
and the diversity and total number of specimens are 
low. The Burlington, although partly dolomitized, re- 
tains its primary crinoidal-bryozoan grain-supported 
texture whereas the subjacent Pierson, Northview and 
Sedalia formations (see Text-fig. 4) have dolomitic and 
siliciclastic lithologies that are unfavorable for recov- 
ery of calcareous microfossils. Multilocular foramini- 
fers are confined to approximately the same interval 
represented by samples 17 and 18 at the Osceola North 
Roadcut (see Text-fig. 4) and samples 8 and 11 at the 
Bullard-Hunt Quarry Section II (see Text-fig. 6). For- 
aminifers in this interval include Rectogranuliferella 
godini, questionable Granuliferella and indeterminate 


forms along with the aoujgaliin alga Stacheoides? sp. 
A second microfossiliferous horizon (sample 16, Bul- 
lard-Hunt Quarry Section IT) contains only the simple, 
long-ranging foraminifer Earlandia. 

The Burlington in the Mississippi River Valley has 
the same primary lithology as its counterpart in the 
type Osage and, along with the underlying Fern Glen 
and Meppen formations, also contains few calcareous 
microfossils. Specimens of Earlandia occur through- 
out the early Osagean there but potentially diagnostic 
multilocular forms are rare. Rectogranuliferella godini 
has been found only in the Fern Glen at a single lo- 
cality, Chautauqua West (Brenckle, 1977), along the 
Mississippi River in association with indeterminate en- 
dothyrids s. / and aoujgaliin algae (Mametella chau- 
tauquae Brenckle, 1977; Stacheoides sp.), whereas En- 
dothyra and **Priscella” spp. appear in the upper Bur- 
lington (Witzke et al., 1990; Lane and Brenckle, in 
press). These occurrences are the basis for some of the 
early Osagean foraminiferal assemblages shown in 
Text-figure 2. The meager recoveries contrast mark- 
edly with the relatively abundant and diverse Early 
Mississippian North American faunas found in north- 
central Iowa (Zeller, 1950; Brenckle and Groves, 1987; 
Woodson, 1993) and west of the Transcontinental Arch 
(Zeller, 1957; McKay and Green, 1963; Skipp, 1969; 
Brenckle, 1973; Mamet, 1976; Mamet ef al., 1986). 


PLATE 1 


Specimens are reposited at the University of lowa Paleontology repository (SUI). 


Figure 


1, 2, 12, 13. Polygnathus communis communis Branson and Mehl, P-elements. 
1, 2. Upper (<101) and lower (X88) views of SUI-95350, respectively, Burlington Limestone (Bullard-Hunt Quarry I, 
Sample 11). 12, 13, Lower (<117) and upper (103) views of SUI-95351, respectively, Burlington Limestone (Osceola 


North Roadcut, Sample 12). 


3. Ozarkodina sp. Lateral view (*89) of SUI-95352 (O-element), Burlington Limestone (Bullard-Hunt Quarry I, Sample 8). 
4, 5. Gnathodus typicus Cooper. Upper (68) and lower (62) views respectively of P element SUI-95353, respectively, Bur- 


lington Limestone (Osceola North Roadcut, Sample 9). 


6. Siphonodella sp. Upper view (X89) of P element SUI-95354, Sedalia Formation (Osceola North Roadcut, Sample 2). 
7, 11. Pseudopolygnathus multistriatus Mehl and Thomas (Morphotype 2) (P element). Upper (75) and lower (80) views, 
respectively, of SUI-95355, Burlington Limestone (Bullard-Hunt Quarry I, Sample 8). 
8. Spathognathodus pulcher (Branson and Mehl). Lateral view (86) of P element SUI-95356, Burlington Limestone (Bullard- 


Hunt Quarry I, Sample 8). 


9. Idioprioniodus furnishi (Rexroad). Outer lateral view (*46) of O element SUI-95357, Burlington Limestone (Bullard-Hunt 


Quarry II, Sample 3). 


10. Elictognathus laceratus (Branson and Mehl). Outer lateral view (*102) of O element SUI-95358, Sedalia Formation 


(Osceola North Roadcut, Sample 2). 


14. Unassigned B—element. Inner lateral view (64) of SUI-95359, Burlington Limestone (Osceola North Roadcut, Sam- 


ple 9). 


15, 16. Polygnathus communis subsp. indet. Lower (96) and upper (88) views respectively of P element SUI-95360, Burlington 


Limestone (Osceola North Roadcut, Sample 15). 
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Text-figure 3. 


Ranges of important conodonts in the Osagean Series of the North American Midcontinent. The formations shown are from 
the Mississippi River Valley where Faunal Units 2 and lower 3A are missing, but these units are found in the Osagean of southwestern 
Missouri. Conodonts species are: 1. Siphonodella isosticha, 2. Gnathodus punctatus; 3. Gnathodus delicatus; 4. Gnathodus praedelicatus; 


5.Gnathodus semiglaber; 6. Gnathodus typicus; 7. Polygnathus communis communis, 8. Polygnathus communis carinus, 9. Staurognathus 
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SYSTEMATIC PALEONTOLOGY 
Class FORAMINIFERA d’Orbigny, 1826 
Order FUSULINIDA Wedekind, 1937 
Superfamily ENDOTHYRACEA Brady, 1884 
Family ENDOTHYRIDAE Brady, 1884 


Genus RECTOGRANULIFERELLA Conil and 
Lys in Mansy et al., 1989 


Type species.—Palaeospiroplectammina? godini 
(Conil, 1980). 


Rectogranuliferella godini (Conil, 1980) 
Plate 2, figures 1-8 
Spiroplectamminoides [=Palaeospiroplectammina] cf. S. parva 
(Chernysheva), Skipp, 1969, p. 228, pl. 24, figs. 9, 10, 12. 
Palaeospiroplectammina? godini Conil, 1980, pp. 45—46, pl. 1, figs. 
19, 20. 
Palaeospiroplectammina aff. P. parva (Chernysheva), Lane and Br- 
enckle, 1981, pl. 2, figs. 1-5. 
Rectogranuliferella godini (Conil), Conil and Lys in Mansy et al., 
1989, p. 139, pl. 6, figs. 10-14; Lane and Brenckle, in press, 
fig. 8. 


Measurements (n = 9).—Length: 710-865 jm; 
width, biserial chambers: 295—355 jm; thickness, bis- 
erial chambers: 275—300 j1m; diameter, coiled portion: 
355-425 jm; diameter, coiled portion/length: 0.41— 
0.50; number of volutions, coiled portion: about 2; 
number of chambers in last volution: 7; number of 
chambers in biserial area: 5—7; interior diameter of 
proloculus: 55-60 jm; wall thickness of biserial 
chambers: 20—30 p.m. 

Description.—Test is composed of a relatively large, 
slightly skew-coiled immature stage followed by a lin- 
early arranged set of biserial chambers. Volutions in 
the coiled portion expand slowly and the chambers are 
slightly to moderately inflated with well developed 
septation. Biserial chambers inflate very slowly during 
growth so that the sides of the test appear nearly 
straight-sided in sagittal section. Their septa that ex- 
tend about halfway across to the opposite wall are 
slightly convex and may be thickened along the ends. 


i 


Wall is coarsely granular-agglutinated. Aperture is a 
basal slit at the end of the last septum. 

Discussion.—Rectogranuliferella is a monotypic 
genus, most of whose specimens have formerly been 
placed in Palaeospiroplectammina because of obvious 
morphologic similarities. Conil and Lys (in Mansy et 
al., 1989) distinguished Rectogranuliferella on the 
“endothyrin” chamber shape in the coiled portion of 
the test and on the lighter-colored, coarsely granular- 
agglutinated wall. They likened the wall structure to 
that of Granuliferella in contrast to the darker, finer- 
grained test found in typical Palaeospiroplectammina. 
The palaeospiroplectamminin wall, however, is not al- 
ways homogeneously fine-grained, and the two genera 
may be confused in specimens where the coiled por- 
tion is not well oriented. 

The Midcontinent specimens upon which the above 
description is based were originally thought (Lane and 
Brenckle, 1981) to be related to Palaeospiroplectam- 
mina parva (Chernysheva, 1940) in the size of the 
coiled portion relative to the length of the test and in 
the number and arrangement of the biserial chambers. 
They differed in having larger dimensions and more 
numerous chambers in the last volution of the coiled 
stage. That assignment is reevaluated in light of the R. 
godini specimens illustrated in Conil (1980) and Man- 
sy et al. (1989) that are similar in size, chamber count 
and wall structure to the Midcontinent specimens. 
Skipp’s (1969) material described as Spiroplectammi- 
noides ct. S. parva is also herein reassigned to R. god- 
ini for the same reasons. 

Occurrence.—The R. godini specimens of Conil 
(1980) and Mansy et al. (1989) are found in early late 
Tournaisian beds (Belgian foraminiferal zone Cf2) at 
Avesnois, France. North American examples come 
from similar age rocks, including the early Osagean 
Burlington Limestone of west-central Missouri and 
Fern Glen Limestone of western Illinois in the Mid- 
continent and the early Osagean upper Whitmore 
Wash, Thunder Springs and lower Mooney Falls mem- 
bers of the Redwall Limestone in Arizona (Skipp, 
1969, foraminiferal zone 2B). 


achorarius; 10. Pseudopolygnathus multistriatus; 11. Gnathodus hamatus; 12. Pseudopolygnathus oxypageus; 13. Pseudopolygnathus nudus: 
14. Bactrognathus hamatus; 15. Bactrognathus minutus; 16. Gnathodus antetexanus; 17. Scaliognathus dockali; 18. Scaliognathus praean- 
choralis; 19. Doliognathus dubius; 20. Staurognathus cruciformis, 21. Doliognathus latus; 22. Pseudopolygnathus pinnatus, 23. Bactrognathus 
excavatus; 24. Scaliognathus anchoralis europensis; 25. Scaliognathus anchoralis anchoralis; 26. Bactrognathus distortus; 27. Bactrognathus 
lanei; 28. Gnathodus cuneiformis; 29. Polygnathus mehli; 30. Eotaphrus burlingtonensis; 31.Gnathodus pseudosemiglaber, 32. Gnathodus 
bulbosus; 33. Gnathodus texanus; 34. ‘“Spathognathodus” deflexus; 35. Taphrognathus varians; 36. ‘*Spathognathodus” coalescens, 37. Apa- 
tognathus pinnatus. The faunal unit scheme is a refinement of those proposed in Lane (1974, 1978) and Lane and Ormiston (1982); it will be 
published in Lane and Brenckle (in press). Abbreviations: Fm = formation; EU. = conodont faunal unit. Dolby Ck.(Creek), Haight Creek and 
Cedar Fork are members of the Burlington Limestone. 
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PLATE 2 


Rectogranuliferella godini (Conil, 1980), approximately 95. Specimens 3 and 8 are from the Fern Glen Limestone, Chautauqua West 
Section, Jersey County, Illinois, described in Brenckle (1977); other specimens are from the Burlington Limestone outcrops described in this 
paper. Specimens reposited in the National Museum of Natural History, Smithsonian Institution, Washington, DC; repository numbers (USNM) 


are 1n parentheses. 


Figure 

1. (USNM 519336), near-axial section, Bullard-Hunt Quarry H, Sample 9 

2. (USNM 519337), near-axial section, Osceola North Roadcut, Sample 17. 

3. (USNM 519338), sagittal section, Chautauqua West, Sample 9. 

4. (USNM 519339), oblique-axial section, Bullard-Hunt Quarry II, Sample 9 

5. (USNM 519340), near-axial section of juvenarium, Bullard-Hunt Quarry H, Sample 9. 

6. (USNM 519341), tangential-sagittal section, Bullard-Hunt Quarry I], Sample 9. 
(USNM 519342), tangential-sagittal section, Bullard-Hunt Quarry II, Sample 9 

8. (USNM 519343), sagittal section, Chautauqua West, Sample 10. 
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APPENDIX 


The following three localities (Text-figs. 4-6) rep- 
resent the primary reference sections for the Osage 
Group. They were described and sampled in Novem- 
ber 1975 by Gilbert Klapper of The University of lowa 
and the authors. Although the Bullard-Hunt Quarry 
outcrops were Well exposed and accessible at that time, 
the Harry S. Truman Reservoir has since flooded all 
but the upper part of section II. 

The quarry exposes only part of the Burlington 
Limestone, which is covered at the base and eroded at 
the top. A nearby section (Osceola North Roadcut, 
Text-fig. +), exposes the lower beds of the Burlington 
and the underlying Pierson, Northview, and Sedalia 
formations. The Keokuk Limestone and younger Mis- 
sissippian units are not present in the vicinity of Os- 
ceola. 


OSCEOLA NoRTH ROADCUT 


This outcrop (Text-fig. 4) is located on the north 
side of County Route B, 1.45 km west of Missouri 
Highway 13 and just east of the Frisco Railroad tracks 
(NW%, SW%, NW4, Sec. 17, T38N, R25W, St. Clair 
County, Missouri). The section begins within the Se- 
dalia and proceeds through the Northview and Pierson 
into the Burlington. 
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OSCEOLA NORTH ROADCUT 
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Text-figure 4—Columnar section and microfossil distribution at Osceola North Roadcut Section. (P) = P element: (N) = N element; (O) 
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Unit 
1 


bo 


eS) 


10 


Sedalia Formation 


Lithology 
Buff, argillaceous, fine-grained, 
vuggy dolomite. Sample 1—whole 
unit. 
Recessive, buff, argillaceous, fine- 
grained, thin-bedded dolomite. 
Buff, argillaceous, fine-grained, 
vuggy dolomite. Sample 2—1.10 to 
1.25 m above base of unit. 


Total exposed Sedalia Formation 


Northview Formation 
Buff, slightly dolomitic, argilla- 
ceous, recessive siltstone. Sample 
3—lower 0.15 m; Sample 4—0.30 
to 0.45 m above base of unit; Sam- 
ple 5—upper 0.15 m. 


Total Northview Formation 


Pierson Formation 
Buff, fine-grained, silty skelmoldic 
dolomite. Sample 6—O0.79 to 1.1 m 
above base of unit; Sample 7—1.10 
to 1.37 m above base of unit. 
Brown clay shale 
Buff, fine-grained, skelmoldic do- 
lomite, corals. Sample 8—upper 
0.19 m. 


Total Pierson Formation 


Burlington Limestone 


Gray, medium-grained, dolomitic, 
crinoidal packstone, streaked 
brown, abundant spirifers. Sample 
9—whole unit. 

Buff to gray, medium-grained, do- 
lomitic crinoidal-bryozoan wacke- 
stone, stylolitic in lower part. Sam- 
ple 10—O0.55 to 0.70 m above base 
of unit. 

Gray, fine- to coarse-grained, mas- 
sive dolomitized crinoidal wacke- 
stone/packstone, abundant stylolites 
and scattered chert nodules. Sample 
11—0.30 to 0.45 m above base of 
unit; Sample 12—0.61 to 0. 91 m 
above base of unit: Sample 13—up- 
per 0.12 m. 

Gray, vuggy, rubbly, dolomitized 
crinoidal wackestone/packstone, 
lenses of less rubbly lithology in 
lower half. Equivalent to units 3 
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Thickness 
(meters) 
0.45 


0.75 


0.24 


1.80 


1.14 


through 5 at Bullard-Hunt Quarry 
Section Il. Sample 14—lower 0.15 
m; Sample 15—from lens at 0.30 m 
above base of unit. 


12 Buff to gray dolomitic shale. 0.09 
13 Gray, medium-grained, dolomitic 5.34 


crinoidal-bryozoan wackestone/ 
packstone, stylolitic, scattered chert 
bands and nodules. Sample 16— 
0.67 to 0.82 m above base of unit; 
Sample 17—4.05 to 4.20 m above 
base of unit. 

14 Gray, interbedded coarse-grained, 1.89 
dolomitic crinoidal packstone and 
wackestone. Sample 18—0.67 m 
above base of unit. 


Total Burlington Limestone 12.24 
Total Exposed Section 18.00 


BULLARD-HUNT QUARRY I 


The section in 1975 exposed the lower part of the 
Burlington Limestone (Text-fig. 5) above the flooded 
quarry floor on the east side of the main quarry (SE, 
NW, SE%, Sec. 18, T38N, R25W, St. Clair County, 
Missouri). The lithology and distribution of microfos- 
sils are depicted in Text-figure 5. 


Burlington Limestone 


Thickness 
Unit Lithology (meters) 
] Buff, fine-grained, very dolomitic 0338 


crinoidal packstone. Sample |—up- 

per 0:15 me 

Buff, slightly limy dolomitized cri- 0.66 

noidal packstone/wackestone. Sam- 
ple 2—0.37 to 0.52 m above base 
of unit; Sample 3—upper 0.15 m. 
3 Sucrosic, very limy dolomitized cri- 0.42 
noidal-bryozoan packstone. Sample 
4—lower 0.15 m. 
| Buff to gray, fossiliferous, medium 1.68 
to coarse-grained, very dolomitic 
packstone with finer grained string- 
ers, abundant stylolites, corals, cri- 
noids, brachiopods. Sample 5— 
0.27 m above base of unit; Sample 
6—0.52 to 0.67 m above base of 
unit; Sample 7—0.67 to 0.82 m 
above base of unit. 
Gray dolomitic crinoidal-bryozoan 0.15 
packstone, rubbly zone at base. 
Sample 8—whole unit. 

Total Measured Section: 
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BULLARD-HUNT QUARRY 
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Text-figure 5.—Columnar section and microfossil distribution at Bullard-Hunt Quarry Section I. Conodonts identified as Spathognathodus 
sp. in this section, belong in Spathognathodus pulcher (Branson and Mehl). (P) = P element; (O) = O element 
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BULLARD-HUNT QUARRY II 

This outcrop (Text-fig. 6) exposes the upper part of 
the Burlington Limestone, the top of which is an ero- 
sional surface covered by a regolith. The section 
(SW%, NE%, SE, Sec. 18, T38N, R25W, St. Clair 
County, Missouri) starts near the floor of the quarry 
facing the Osage River and continues up the steep hill- 
side to the south. The lowest bed correlates to a po- 
sition 1.22 m below the base of Unit 5 at the Quarry 
I section. 


Burlington Limestone 


Thickness 
Unit Lithology (meters) 
] Gray, medium- to coarse-grained, 1.20 


dolomitic crinoidal-bryozoan pack- 

stone with fine-grained dolomitized 

wackestone stringers. Sample 1— 

0.30 m above base of unit. 

Limestone as below with white 0.21 

chert nodules. Correlates with top 

of Bullard-Hunt Section I. 

8} Rubbly, gray, argillaceous, dolomi- 0.33 
tized crinoidal wackestone. Sample 
2—0.15 m above base of unit. 

4 Gray, fine- to coarse-grained, dolo- 0.84 
mitized crinoidal wackestone, sty- 
lolitic. Sample 3—lower 0.30 m; 
Sample 4—upper 0.30 m. 

5 Rubbly, gray, argillaceous, dolomit- 0.45 
ic, crinoidal wackestone, thickens 
and thins laterally. 

6 Massive, gray, fine- to coarse- ZO 
grained, dolomitic crinoidal-bryo- 
zoan wackestone, scattered chert 
nodules, brachiopods, abundant sty- 


to 


lolitic surfaces. Sample 5—lower 
0.30 m; Sample 6—1.49 m above 
base of unit. 


9 


10 


1] 


Fine- to coarse-grained, dolomitic 
crinoidal-bryozoan packstone/ 
wackestone becoming more crinoi- 
dal upward. White fossiliferous 
chert layer at base and_ scattered 
chert nodules above. Sample 7— 
lower 0.15 m; Sample 8—1.22 m 
above base of unit; Sample 9—1.60 
to 1.75 m above base of unit; Sam- 
ple 10—2.80 m above base of unit; 
Sample |1—upper 0.37 m: 
Medium- to coarse-grained, dolo- 
mitized crinoidal packstone, scat- 
tered brown and buff chert. Sample 
12—upper 0.30 m. 

Gray, medium- to coarse-grained, 
dolomitic crinoidal-bryozoan pack- 
stone/wackestone, fine-grained in 
places. Buff to white chert layer in 
top of lower bed. Sample 13— 1.10 
m above base of unit; Sample 14— 
1.37 to 1.67 m above base of unit; 
Sample 15—3.38 m above base of 
unit. 

Light gray, recessive, dolomitic cri- 
noidal wackestone/packstone. 
Abundant chert. 

Coarse-grained, dolomitic crinoi- 
dal-bryozoan packstone, scattered 
chert and stylolites. Samples 16 and 
17—lower 0.30 m. 

Pink, medium- to coarse-grained, 
slightly dolomitic crinoidal pack- 
stone, scattered chert clasts, weath- 
ers thin-bedded in places. Sample 
18—2.44 m above base of unit; 
Sample 19—upper 0.30 m. 


Total Measured Section: 
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Text-figure 6.—Columnar section and microfossil distribution at Bullard-Hunt Quarry Section II. (O) = O element; (P) = P element: (A,) 
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FUSULINID WALL STRUCTURE: GROVES 


FUSULINID WALL STRUCTURE IN THE PROFUSULINELLA—FUSULINELLA 
EVOLUTIONARY TRANSITION 
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ABSTRACT 


The evolutionary transition from Profusulinella regia to Fusulinella llanoensis is preserved in a 15-m interval of the Marble 
Falls Limestone in central Texas. This transition was accomplished by the progressive development of internal epithecal deposits. 
By definition, the epitheca in Profusulinella is secreted only on the floors of chambers and septa. In Fusulinella, the epitheca is 
secreted also on the ceilings of chambers so that it lines the entire chamber cavity. Intermediate populations from the transition 
interval, assigned to F. primaeva, include specimens with profusulinellid walls as well as those in which fusulinellid wall structure 
is incompletely developed. The Profusulinella—Fusulinella evolutionary transition also occurred independently, and at about the 
same time, in geographically disjunct populations in what are presently Europe (P. ex gr. pseudorhomboides—F. ex gr. subpulchra 
lineage) and southeast Asia (P. prisca timanica—Fusulinella n. sp. lineage). Accordingly, the genus Fusulinella is regarded as 
polyphyletic, with its multiple origins being the result of synchronous parallelism. The stratigraphic appearance of Fusulinella 
characterizes the bases of the informal upper Atokan Series in North America, the upper Kashirian Substage in western Eurasia, 
the Akiyoshian Series in Japan, and the upper Dalan Stage in South China. If these levels are roughly age equivalent, as is 
widely accepted, then the rapid global dispersal of early Fusulinella spp. from their original loci most likely occurred during an 
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interglacial highstand that allowed interchange among otherwise separate faunal realms. 


DEDICATION 


This article is dedicated to Gilbert Klapper. Because 
Gil’s name is associated so indelibly with conodonts 
and Middle Paleozoic stratigraphy, it may surprise 
some people to learn that he entered the University of 
Kansas in 1956 with the intention of conducting his 
Master’s thesis research on fusulinids under the super- 
vision of M. L. Thompson. Thompson was the leading 
North American expert on fusulinids, and it was his 
policy to require graduate students to prepare at least 
1,600 individually oriented thin sections. By his own 
admission Gil is not particularly dexterous, so the task 
of orienting and grinding 1,600 fusulinid slides must 
have seemed not only arbitrary but overwhelming. Gil 
very much liked and respected Thompson, but he nev- 
ertheless decided to drop fusulinids in favor of cono- 
donts. The rest, as they say, is history. 

Gil’s more than forty years of research on conodonts 
has greatly advanced the understanding of their tax- 
onomy, evolution, and biostratigraphic utility. In con- 
trast, our knowledge of fusulinid systematics arguably 
is not much farther along today than in Thompson’s 
era. There is no doubt but that “*fusulinidology”’ would 
have benefited from Gil’s thoughtful work, and I won- 
der just how differently things might have turned out 
had Thompson’s magic number been, say, 600 instead 
of 1,600. 


INTRODUCTION 


Fusulinacean wall structure has been studied exten- 
sively since the late Nineteenth and early Twentieth 
centuries. Early papers focused almost exclusively on 
the nature of the keriothecal wall in schwagerinids 
(Carpenter et al., 1862; Schwager, 1887; Schellwien, 
1898; Girty, 1904; Volz, 1904; Douvillé, 1906; Dyh- 
renfurth, 1909). An understanding of the less advanced 
fusulinid wall began to emerge somewhat later (Lee, 
1923, 1924; Dunbar and Condra, 1928; Lee et ai., 
1930; Dunbar and Skinner, 1937; Rauser-Chernousova 
et al., 1951). Detailed descriptions of fusulinid wall 
structure and its ontogenetic development were pub- 
lished by Dunbar and Henbest (1942), Thompson 
(1948, 1951; Thompson in Loeblich and Tappan, 
1964), and Skinner and Wilde (1954a), with those by 
Dunbar and Henbest (1942) and Skinner and Wilde 
(1954a) being particularly insightful and accurate. An 
important feature of those articles was the elucidation 
of subtle distinctions between profusulinellid- and fu- 
sulinellid-type walls (defined below). More recently, 
Douglass (1977) summarized wall structures within 
the context of fusulinacean evolution. 

Wall structures intermediate between the profusuli- 
nellid- and fusulinellid-types were first noted by 
Thompson (1951). Soon thereafter, Thompson (1953) 
described two species from Missouri that he consid- 
ered transitional in development between typical Pro- 
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fusulinella and Fusulinella. He remarked on the close 
similarity of the Missouri specimens to transitional 
forms known to him from central Texas, west Texas, 
New Mexico, Wyoming, and Russia and, on the basis 
of these forms, he correlated the Missouri strata with 
rock units in the latter areas. The Profusulinella—Fu- 
sulinella transition in North America occurred in a 
limited interval spanning the boundary between the 
informal middle and upper subdivisions of the Atokan 
Series (Groves, 1986; Douglass, 1987). 

Since then, transitional forms have been recognized 
by other specialists. Solov’eva (1986) erected Moel- 
lerites to accommodate relatively large and elongate 
morphotypes with variable wall structure. The genus 
included two new species along with six species and 
three subspecies originally described under Profusuli- 
nella and Fusulinella. Species and subspecies assigned 
to Moellerites are restricted on the eastern European 
Platform and in Tian’ Shan’ to the Kashirian and lower 
Podolian substages of the Moscovian Stage. According 
to E. Villa (pers. commun., 1999, 2000), in the Ka- 
shirian Substage of western Eurasia, the lineage from 
the Profusulinella pseudorhomboides species group to 
the Fusulinella subpulchra species group exhibits very 
gradual development of the fusulinellid-type wall. A 
similar lineage has been recognized in the Kashirian 
Substage of northern Thailand where Profusulinella 
prisca timanica gave rise to Fusulinella n. sp. (Ueno 
and Igo, 1997). Thus, the existence of transitional 
forms is well established; they are widespread geo- 
graphically and, by virtue of their short geologic range, 
they have considerable biostratigraphic potential. To 
my knowledge, however, the progressive modification 
of wall structure in the Profusulinella—Fusulinella 
transition has not been documented rigorously in a 
stratigraphically continuous rock sequence. 

The purpose of this paper is to record changes in 
wall structure in the Profusulinella—Fusulinella evo- 
lutionary transition on the basis of closely spaced sam- 
ples from an outcrop of the Marble Falls Limestone in 
the western Llano Uplift region of central Texas (Text- 
fig. 1). The Marble Falls Limestone on the western 
flanks of the Llano Uplift formerly was known as the 
Big Saline Limestone (Cheney, 1940; Plummer, 1950). 
The Pfluger Bluff locality, from which the present 
samples were collected, has yielded fusulinaceans that 
were described and(or) illustrated by Skinner (1931), 
Thomas (1931), Skinner and Wilde (1954a, 1954b), 
Thompson (1953), and Groves (1991). Thompson 
(1947) discussed the age and taxonomic composition 
of fusulinid assemblages from the Marble Falls Lime- 
stone across the eastern, northern, and western flanks 
of Llano Uplift, but he did not describe or illustrate 
any specimens from the western area. 
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Text-figure 1.—Index map to Pfluger Bluff locality, western Llano 
Uplift region, central Texas. See Johnson (1983) for locality infor- 
mation. 
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FUSULINID WALL STRUCTURE AND 
TERMINOLOGY 


The fusulinid wall is very finely perforate and con- 
sists of three elements (Text-fig. 2). The primary 
chamber wall is two-layered, being made up of an out- 
er, thin, dark layer—the tectum—and an inner, thicker, 
lighter layer—the diaphanotheca. A dark secondary 
deposit—the epitheca (or tectorium)—is variably de- 
veloped as a lining on the floors, septa, and ceilings 
of the chambers. Because they are primary elements 
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Text-figure 2—Elements of fusulinid wall structure. Primary two- 


layered wall, or protheca, consists of the dark tectum (t) and the 
lighter diaphanotheca (d). The dark epitheca (e) secondarily is se- 
creted as a lining on the chamber floors and septa (as in Profusuli- 
nella; not shown), or as a lining of the entire chamber cavity, in- 
cluding the chamber ceiling (as in Fusulinella; shown here). All wall 
elements are perforated by fine mural pores (mp) and septal pores 
(sp), normally seen only in exquisitely preserved material. Note that 
secretion of the epitheca lags the formation of new chambers, so 
that at any stage of ontogeny the final several chambers lack sec- 
ondary deposits. (From Dunbar and Henbest, 1942, fig. 7A: repro- 
duced with permission from the [linois State Geological Survey.) 


and were formed essentially simultaneously, the tec- 
tum and diaphanotheca together are known as the pro- 
theca. The tectum is an organic film that is believed 
to have served as a template on which calcite crystals 
of the diaphanotheca were secreted. The presence of 
organic matter in shell walls was confirmed by Gubler 
(1934, 1936), who etched fusulinacean thin sections in 
dilute acid to produce an insoluble residue of the chi- 
tin-like substance tectine. Subsequently, on the basis 
of high voltage transmission electron microscopy of 
the wall in Triticites moorei, Green et al. (1980) doc- 
umented intercrystalline voids and intracrystalline in- 
clusions that are most likely filled with organic matter. 
The interpretation of the tectum as a substrate for cal- 
cification is consistent with observations of chamber 
formation in certain modern calcareous foraminifers 
(Myers, 1935; Lutze and Wefer, 1980; Angell, 1980: 
Hemleben er al., 1986; Wetmore, 1999). Epithecal de- 
posits are calcitic and apparently also contain a fine 
meshwork of tectine. The difference in darkness be- 


tween the diaphanotheca and epitheca is mainly a 
function of crystal size, with the diaphanotheca con- 
sisting of relatively large, blocky or columnal crystals 
and the epitheca consisting of much smaller crystals 
whose many interfaces cause high internal reflection 
and refraction of transmitted light. 

The epitheca is present in all fusulinids as a contin- 
uous layer covering the floors of all but the last few 
chambers, with the floor covering of a given volution 
being deposited directly on the outer wall (tectum) of 
the preceeding volution. The floor covering is thick- 
ened in the equatorial region of the test to form a pair 
of levee-like ridges, or chomata, on either side of the 
sagittal plane. Where the chomata intersect septa, ep- 
ithecal deposits may be secreted some distance up both 
the front and back sides of the septa. Fusulinids in 
which epithecal deposits are limited to the chamber 
floors, or to the floors and septa, are characterized as 
having a profusulinellid-type wall. In these forms 
(e.g., Profusulinella, Eoschubertella, Pseudostaffella), 
the inner volutions exhibit a three-layered wall struc- 
ture consisting of the tectum, diaphanotheca, and the 
floor deposit of the succeeding volution. Obviously, 
the wall of the final volution is two-layered, consisting 
only of the primary layers of the protheca. In the fu- 
sulinellid-type wall (e.g., Fusulinella, Beedeina, We- 
dekindellina), epithecal deposits are present not only 
on the chamber floors and septa, but also on the cham- 
ber ceilings: ie., the epitheca completely lines the 
chamber cavity. In taxa with fusulinellid-type walls, 
the inner volutions exhibit a four-layered structure 
consisting of tectum, diaphanotheca, inner epitheca 
(ceiling deposit), and outer epitheca (floor deposit of 
succeeding volution). The wall of the final volution is 
two-layered (protheca only) in the last few chambers, 
and then three-layered in older chambers that contain 
the epithecal lining on chamber ceilings. 

For historical completeness, it must be noted that 
M. L. Thompson, otherwise an authority, consistently 
misinterpreted the development of the fusulinid wall 
and ignored other, more correct views. Thompson 
(1948, 1951; Thompson in Loeblich and Tappan, 
1964) believed that the fusulinid primary wall is sin- 
gle-layered, consisting only of the tectum. In the pro- 
fusulinellid-type wall, he correctly regarded the floor 
covering as a secondary deposit, the “outer tecto- 
rium,” but erroneously considered the diaphanotheca 
also to be a secondary deposit that he termed the “‘in- 
ner tectorium.” In the fusulinellid-type wall, he cor- 
rectly identified the inner and outer tectoria, but think- 
ing that the inner tectorium was homologous with the 
incorrectly identified corresponding term in the pro- 
fusulinellid-type wall, was then compelled to regard 
the fusulinellid diaphanotheca as a novel element that 
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Text-figure 3.—Stratigraphic columnar section for the Pfluger Bluff locality showing positions of samples and selected sample histograms. 
Histograms depict at half-volution increments the percentage of specimens with profusulinellid-type walls (white bars) and the remaining 
percentage with fusulinellid-type walls (black bars). See Johnson (1983) for locality information and detailed stratigraphic descriptions. 
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Text-figure 4——Example data sheet for recording wall structure 
observations at half-volution increments (sample 30, N = 18 spec- 
imens). Abbreviations: p, profusulinellid-type wall; f, fusulinellid- 
type wall. Note that summary statistics and corresponding histogram 
do not include observations from the final % volution of unabraded 
specimens (e.g., specimens 5, 8). The population represented in this 
sample includes specimens with exclusively profusulinellid-type 
walls (e.g., specimens 3, 11), some with extremely limited devel- 
opment of fusulinellid-type walls (e.g., specimens 1, 9), and the 
remainder with moderate development of fusulinellid-type walls. 
This population is assigned to Fusulinella primaeva (Skinner, 1931). 


is somehow inserted between the tectum and inner tec- 
torium. Clearly this interpretation cannot be supported 
by observations, nor does it make sense developmen- 
tally. I believe a source of confusion for Thompson 
was the fact that the diaphanotheca in the fusulinellid- 
type wall appears lighter than in the profusulinellid- 
type wall. This is probably because in the fusulinellid- 
type wall the diaphanotheca is sandwiched between 
two darker layers (tectum and ceiling epitheca), where- 
as in the profusulinellid-type wall it is adjacent to the 
tectum only and is not underlain by another wall layer. 
In fact, in the profusulinellid-type wall, the inner sur- 
face of the diaphanotheca commonly ts in contact with 
clear, chamber-filling calcite cements. There 1s also ev- 
idence that crystal size within the diaphanotheca in- 


creased with evolutionary grade, resulting in a pro- 
gressively lighter appearing diaphanotheca through 
time. In typical Profusulinella, the diaphanotheca is 
relatively finely crystalline and does not differ much 
in optical density from the epitheca (e.g., Skinner and 
Wilde, 1954a, pl. 46, figs. 6-9, pl. 47, figs. 3, 4, 7, 8). 
In advanced Profusulinella, such as P. kentuckyensis 
Thompson and Riggs in Thompson er al., 1959, the 
diaphanotheca is more coarsely crystalline and locally 
transparent (e.g., Douglass, 1987, pl. 1, figs. 2, 3, 12). 
Among the present collections there are highly ad- 
vanced Profusulinella with light, coarsely crystalline 
or fibrous diaphanothecae (see Pl. 2, figs. 1, 3, 5, 6). 
The wall in these specimens is identical to that in 
primitive Fusulinella, the only difference being the 
presence in Fusulinella of an epithecal layer internal 
to the diaphanotheca. 


PROFUSULINELLA—FUSULINELLA 
EVOLUTIONARY TRANSITION 


MATERIAL AND METHODS 


Samples for this study were collected at the well- 
known Pfluger Bluff locality in northeastern Kimble 
County, Texas, where the Marble Falls Limestone 1s 
54 m thick (Text-figs. 1, 3; Johnson, 1983; Groves, 
1991). The Marble Falls Limestone at this locality is 
medial to late Atokan in age (Groves, 1991), although 
regionally its age ranges from early Morrowan to late 
Atokan (Thompson, 1947; Manger and Sutherland, 
1984). Locally, it rests unconformably on the Ordo- 
vician Ellenburger Formation and is overlain uncon- 
formably by the Desmoinesian Strawn Group. The late 
Atokan Smithwick Formation, which overlies the Mar- 
ble Falls Limestone across much of the Llano Uplift 
region, is missing at Pfluger Bluff as a consequence 
of non-deposition or pre-Strawn erosion. A total of 
115 samples was collected at an average spacing of 
0.47 m. The Profusulinella—Fusulinella transition here 
occurs within an interval roughly 10-25 m above the 
base of the exposure. 

Approximately 3,000 fusulinacean and non-fusuli- 
nacean foraminifers from Pfluger Bluff were photo- 
graphed and identified in order to establish the strati- 
graphic distribution of taxa and the precise age of the 
sampled interval (Groves, 1991, 1992). Detailed ex- 
amination of fusulinid wall structure then was per- 
formed on specimens below and immediately above 
the stratigraphically lowest occurrence of unquestion- 
able fusulinellid-type walls. The examination involved 
noting the development of epithecal deposits at every 
half-volution throughout the spiral growth of the shells 
(Text-fig. 4). 

Unlike other taxonomically important characters, 
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wall structure can be studied in all conceivable ori- 
entations. Sagittal sections are generally most useful 
as they allow for the observation of wall structure con- 
tinuously throughout spiral growth, but the area of ob- 
servation is limited to the equatorial plane. Axial sec- 
tions allow for the observation of wall structure lon- 
gitudinally, from pole to pole, but the observations can 
be made only at half-volution increments. Oblique sec- 
tions allow for observation continuously throughout 
spiral growth, and they particularly reveal the nature 
of epithecal deposits where the septa intersect chom- 
ata. Tangential sagittal and tangential axial sections al- 
low the same kinds of observations as sagittal and ax- 
ial sections, respectively, but they do not pass through 
the proloculus and therefore preclude examination of 
the earliest ontogenetic stages. 


OBSERVATIONS 


The transition from profusulinellid- to fusulinellid- 
type wall structure in sampled populations at Pfluger 
Bluff is shown graphically in Text-figure 3. Histo- 
grams in this figure depict at half-volution increments 
the percentage of specimens from a given sample ex- 
hibiting profusulinellid-type walls and the remaining 
percentage with fusulinellid-type walls (see also Text- 
fig. 4). Observations are not reported for the initial 1.5 
volutions because confident determination of wall 
structure in the juvenarium generally is not possible. 
Neither are observations reported for the final half vo- 
lution of complete, unabraded specimens because the 
wall in the last several chambers of such specimens 
consists of the protheca only. Observations for the fi- 
nal half volution of abraded specimens are reported, 
however, because these specimens likely possessed 
one or more additional volutions during the life of the 
individual. 

Wall structure was examined only in specimens with 


4.5 or more volutions. Accordingly, for a given sam- 
ple, statistics for volution 3.5 may include observa- 
tions from the penultimate volution of some individ- 
uals, the antepenultimate volution of others, and so on. 
This undoubtedly skews the statistics because, in all 
but the earliest few volutions, secondary deposits tend 
to be better developed with increasing spiral distance 
from the last chamber. The effect is probably minor, 
though, because the majority of examined specimens 
possess 5 to 6 volutions and there is therefore a high 
degree of developmental uniformity among specimens. 
Moreover, the effect should be roughly equal among 
samples, so that when considered stratigraphically, the 
emerging evolutionary pattern is valid. 

At the Pfluger Bluff section, lithologic units 2—14 
yielded specimens with exclusively profusulinellid- 
type walls (Text-fig. 3, histogram A). Representative 
specimens are illustrated on Plates | and 2. Of special 
importance, certain of the specimens from the lower 
part of the Pfluger Bluff section exhibit the rudiments 
of a transparent, relatively coarsely crystalline dia- 
phanotheca (PI. 2, figs. 1, 3, 5, 6). In other, more typ- 
ical profusulinellids, the diaphanotheca is finely crys- 
talline and darker (Pl. 2, figs. 2, 4). 

The stratigraphically lowest occurrence of fusuli- 
nellid-type wall structure was noted in unit 15 (sample 
28), which contains only rare specimens. Specimens 
occur very abundantly in unit 16 (samples 29-31) (Pls. 
3 and 4). Most of these exhibit fusulinellid-type wall 
structure in at least one volution, although specimens 
with only profusulinellid-type walls were observed in 
both samples 29 and 30 (Text-fig. 3, histogram B; 
Text-fig. 4). The histograms for these samples are rep- 
resentative of populations from the unit as a whole. 
Among the specimens in samples 29 and 30, those 
with fusulinellid-type walls in volutions 4.5 and higher 
slightly outnumber those with profusulinellid-type 


PLATE 


1-13. Profusulinella regia Thompson, 1948, all 30. 
1. SUI 94747: axial section, spl. 16. 
2. SUI 94748: axial section, spl. 24. 
3. SUI 94749: sagittal section, spl. 18. 
4. SUI 94750: axial section, spl. 16. 
5. SUI 94751: sagittal section, spl. 16. 
6. SUI 94752: sagittal section, spl. 18. 
7. SUI 94753: axial section, spl. 24. 
8. SUI 94754: axial section, spl. 16. 
9. SUI 94755: sagittal section, spl. 16. 
10. SUI 94756: axial section, spl. 18. 
11. SUI 94757: sagittal section, spl. 16. 
12. SUI 94758: axial section, spl. 16. 
13. SUI 94759: axial section, spl. 18. 
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walls. Profusulinellid-type walls are more prevalent in 
volution 4, even more so in volutions 3.5 and 3. Wall 
structure in volutions 2.5 and 2 is exclusively profu- 
sulinellid. Although the appearance of fusulinellid- 
type walls in units 15 and 16 seems abrupt (especially 
when comparing histograms A and B in Text-fig. 3), 
it is important to note that in most specimens the four- 
layered structure is weakly developed. In some cases 
the ceiling epitheca is quite thin (Pl. 4, figs. 5, 6). In 
others it is both thin and discontinuous, being patchily 
distributed longitudinally within a given chamber (PI. 
4, fig. 1). 

Units 17 through 25 contain populations with gen- 
erally thicker and more continuously developed ceiling 
epithecal deposits. In unit 18, however, there still occur 
rare specimens with profusulinellid-type wall structure 
throughout growth and several specimens with fusu- 
linellid-type wall structure limited to a single volution. 
As high as unit 25, most samples contain at least a 
few specimens with profusulinellid-type walls in the 
mid-volutions, but other specimens from these samples 
exhibit fusulinellid-type wall structure as early as vo- 
lution 2.5 (Text-fig. 3, histogram D). 

Unit 27 is the stratigraphically lowest interval in 
which fusulinellid-type walls are well developed in 
most volutions of most specimens (Text-fig. 3, histo- 
grams E and F) (Pls. 5 and 6). Fusulinellid-type wall 
structure was observed as early as volution 2 in some 
specimens, and it is prevalent by volution 2.5. The 
seeming increase in the relative frequency of profu- 
sulinellid-type walls in volutions 5 through 6 in sam- 
ples 50 and 53 is real but somewhat misleading. In 
these samples, the profusulinellid-type walls were ob- 
served among unabraded specimens in which deposi- 
tion of the epithecal ceiling deposit lagged formation 
of the final chamber by a full volution or more. The 
ceiling epitheca in these specimens is well developed 
in the antepenultimate and earlier volutions. 

Fusulinids from units 28 and higher were not ex- 
amined for this study. Previous work indicated that 
specimens with fully developed fusulinellid-type wall 
structure continue throughout the remainder of the sec- 


tion (Groves, 1991). The only exception is sample 84 
(unit 35, 40.6 m above the base of the exposure), 
which yielded specimens with less well developed fu- 
sulinellid-type walls similar to those in units 15—25. 


INTERPRETATIONS 
TAXONOMY AND NOMENCLATURE 


In a previous study of fusulinaceans from the Mar- 
ble Falls Limestone (Groves, 1991), I assigned Pfluger 
Bluff specimens with typical profusulinellid-type walls 
to Profusulinella regia Thompson, 1948 and those 
with well developed fusulinellid-type walls to F. llan- 
oensis (Thomas, 1931). Specimens from the transition 
interval were less easily accommodated by the admit- 
tedly typological approach, and this led to the identi- 
fication of unnamed species in both Profusulinella and 
Fusulinella within certain samples (e.g., 28, 31, 33). 
In contrast, in the present study all of the fusiform 
fusulinids from a given sample are treated as belong- 
ing to a single population. This is justifiable because, 
although characters other than wall structure may vary 
among specimens both within and among samples, 
generally within a given sample there is not clear-cut 
evidence for discrete morphologic clusters. Popula- 
tions with exclusively profusulinellid-type walls still 
fit neatly within the concept of P. regia (samples 2— 
27), and those with well-developed fusulinellid-type 
walls still fit neatly within F. /lanoensis (samples 50 
and higher). Intervening populations in which some 
specimens are profusulinellid and others are variably 
fusulinellid now are assigned to Fusulinella primaeva 
(Skinner, 1931), but with the proviso that the concept 
of F. primaeva must accommodate even greater vari- 
ation in wall structure than is exhibited by the holotype 
and single paratype (cf. Groves and Sanderson, 1990). 
When considered in isolation, the present taxonomy of 
fusulinids at Pfluger Bluff suggests anagenesis without 
overlapping stratigraphic ranges of the constituent spe- 
cies. 

The typological approach resulted in the pigeonhol- 
ing of specimens into two genera without allowances 


PLATE 2 


1-6. Profusulinella regia Thompson, 1948, all * 150. 


1. SUI 94760: sagittal section showing light colored, blocky or columnar crystals of ‘‘advanced”’ diaphanotheca, spl. 24. 
2. SUI 94751: sagittal section with darker, microgranular diaphanotheca (more typical of profusulinellid-type wall structure), 


spl. 16. 


3. SUI 94761: axial section showing light colored, blocky or columnar crystals of diaphanotheca, spl. 24. 

4. SUI 94762: axial section showing typically profusulinellid diaphanotheca, spl. 16. 

5. SUI 94763: axial section showing very slightly blocky crystalline structure in diaphanotheca of outermost volution, spl. 16. 
6. SUI 94764: axial section showing light colored, blocky or columnar crystals of diaphanotheca in outermost volution, spl. 24. 
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for intra-population variation in a genus-delimiting 
character. The population approach, in contrast, allows 
for the inclusion within a single variable species (F. 
primaeva) of specimens that previously had been as- 
signed to separate genera. The population approach 
more accurately reflects reality and enables a more 
meaningful analysis of the course of evolution. 

The foregoing paragraphs illustrate the nomencla- 
tural and taxonomic difficulties of parsing an evolu- 
tionary continuum. The difficulties arise largely be- 
cause paleontologic taxa, especially paleontologic gen- 
era, are mental constructs with fixed boundaries whose 
purpose is to assist in organization and classification. 
The constructs function perfectly well in most cases, 
but they do not readily accommodate variation among 
individuals in transitional populations. Conveniently, 
in this case there existed already a named species (F. 
primaeva) to which the transitional forms can be re- 
ferred. On the basis of fusulinellid-type wall structure 
in at least some individuals, I prefer to assign the pri- 
maeva populations to Fusulinella, but the generic des- 
ignation is immaterial and these transitional popula- 
tions could just as easily be retained in Profusulinella. 
Certainly, there is no need to erect a new genus for 
the intermediate morphotypes. 

The creation of new genera for transitional forms is 
a troubling habit among some fusulinacean specialists 
(e.g., Rauser-Chernousova et al., 1996, in which 14 
such genera were established!). Such genera are not 
only unnecessary, but they actually promote uncertain- 
ty insofar as they themselves are subject to the same 
taxonomic limitations as the end-members on either 
side of the transition. Specifically, the genus Moeller- 
ites Solov eva 1986 is not a useful receptacle for spec- 
imens intermediate between Profusulinella and Fusu- 
linella because it presents the taxonomist with two 
new dilemmas where previously there was only one: 


i.e., how does one define and apply the taxonomic lim- 
its separating Profusulinella from Moellerites and 
those separating Moellerites from Fusulinella? 


HETEROCHRONY (ACCELERATION) 


The progressive development of fusulinellid-type 
wall structure in populations at Pfluger Bluff not only 
is an example of anagenesis, but also of the category 
of heterochrony termed ‘‘acceleration” (de Beer, 1940; 
see discussion in Gould, 1977, p. 221-234). In the 
stratigraphically oldest populations exhibiting fusuli- 
nellid-type wall structure, the ceiling epitheca is not 
present before volution 3.0 (Text-fig. 3, histograms B 
and C). In these populations, the ceiling epitheca is 
present in only a small percentage of specimens in 
volution 3.0, and in less than half of the specimens in 
volutions 3.5 and 4.0. The earliest ontogenetic ap- 
pearance of the ceiling epitheca in successively youn- 
ger populations is in volution 2.5 (Text-fig. 3, histo- 
grams D and EB) and, eventually, in volution 2.0 (Text- 
fig. 3, histogram F). In unit 27, a majority of speci- 
mens exhibit fusulinellid-type wall structure as early 
as volution 2.5. Thus, the ontogenetic appearance of 
fusulinellid-type wall structure was accelerated 
through time, occurring in progressively earlier devel- 
opmental stages in stratigraphically younger popula- 
tions. 

The adaptive significance of the ceiling epitheca is 
unclear, but presumably its presence would have in- 
creased shell strength and ballast, both of which would 
have been advantageous to organisms living in high 
energy environments where mechanical abrasion 
might result in injury or death. Developmental accel- 
eration is thought to occur when an advantageous ad- 
aptation that first appears late in ontogeny subsequent- 
ly augments its selective value by appearing earlier 
(Stebbins, 1974). 


PLATE 3 


1-13. Fusulinella primaeva (Skinner, 1931), all 30. 
SUI 94765: axial section, spl. 34. 

SUI 94766: axial section, spl. 30. 

SUI 94767: sagittal section, spl. 34. 

SUI 94768: axial section, spl. 34. 

SUI 94769: sagittal section, spl. 29. 

SUI 94770: axial section, spl. 34. 

SUI 94771: axial section, spl. 34. 


SUI 94772: sagittal section, spl. 30. 
SUI 94773: axial section, spl. 30. 


. SUI 94774: sagittal section, spl. 29. 
. SUI 94775: sagittal section, spl. 30. 
. SUI 94776: axial section, spl. 29. 

. SUI 94777: sagittal section, spl. 30. 
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SYNCHRONOUS PARALLELISM VS. COLLATERAL 
EVOLUTION 


As noted earlier, specimens transitional between 
Profusulinella and Fusulinella are known from nu- 
merous localities in the United States, Europe, Tian’ 
Shan’, and northern Thailand, and still others undoubt- 
edly remain to be discovered. Did the Profusulinella— 
Fusulinella evolutionary transition occur independent- 
ly in these widely separated areas, or did it occur only 
once in a panmictic, global population? 

The overwhelming bulk of evidence argues against 
a global population. Fusulinids were benthonic inhab- 
itants of shallow marine, tropical to subtropical pa- 
leoenvironments, and they are found most commonly 
in carbonate or mixed carbonate-siliciclastic litholo- 
gies. Because of their mode of life and paleoenviron- 
mental preferences, Pennsylvanian paleoclimate and 
paleogeography conspired to isolate fusulinid faunas. 
By late Atokan/late Kashirian time, most major land 
areas had assembled to form Pangaea, resulting in the 
closure of the former circumequatorial seaway and the 
fragmentation of formerly contiguous shallow marine 
biotopes (Rowley et al., 1985; Ross and Ross, 1985). 
High latitude land areas were glaciated periodically 
(Crowell, 1978), presumably with a concomitant cool- 
ing of adjacent marine shallow waters. Consequently, 
Pennsylvanian fusulinids were highly provincial. Ma- 
rine communication between the Midcontinent-An- 
dean and Eurasian-Arctic faunal realms probably was 
infrequent and channeled primarily through the mid- 
paleolatitude Franklinian Geosyncline (Ross, 1967; 
Ross and Ross, 1985). Given these circumstances, it 
is remarkable that geographically disjunct populations 
of advanced profusulinellids apparently underwent 
identical modifications in wall structure at about the 
same time. The Profusulinella—Fusulinella evolution- 
ary transition seems to have occurred independently in 
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Profusulinella root-stock 
Text-figure 5.—Independent, synchronous origins of Fusulinella 
spp. from Profusulinella spp. in central Texas (this study), western 
Eurasia (E. Villa, pers. commun., 1999, 2000), and northern Thai- 
land (Ueno and Igo, 1997). Stratigraphic appearance of Fusulinella 
characterizes the bases of the informal upper Atokan Series in North 
America (Groves, 1986), Akiyoshian Stage in Japan (Toriyama, 
1967), and upper Dalan Series in South China (Gao er al., 1983). 
This level falls within the Kashirian Substage of the Moscovian 
Stage of the standard chronostratigraphic scale for the East European 
Platform (Ivanova er al., 1979). Vertical scale is non-linear. 


at least three areas (Text-fig. 5): in the central United 
States (P. regia—F. primaeva—F. llanoensis); separate- 
ly in the Profusulinella prisca timanica—Fusulinella n. 
sp. lineage in northern Thailand (Ueno and Igo, 1997); 
and separately in the P. ex gr. pseudorhomboides—F. 


PLATE 4 


1-6. Fusulinella primaeva (Skinner, 1931), all * 150. 


1. 


SUI 94766: axial section showing very faint development of epitheca on chamber ceiling of ultimate and penultimate volutions, 
spl. 30. 


. SUI 94769: sagittal section showing faint development of epitheca on septa and chamber ceiling of ultimate, penultimate, and 


antepenultimate volutions; septa of penultimate volution have merged with epithecal floor deposits (chomata); note light dia- 
phanotheca in ultimate volution, spl. 29. 


. SUI 94772: sagittal section showing faint development of epitheca on septa and chamber ceiling of ultimate, penultimate, and 


antepenultimate volutions; note light diaphanotheca in ultimate and penultimate volutions, spl. 30. 


. SUI 94778: sagittal section showing faint development of epitheca on septa and chamber ceiling of ultimate volution and part 


of penultimate volution; note light diaphanotheca in ultimate volution, spl. 30. 


. SUI 94778: sagittal section showing very faint development of epitheca on septa of ultimate volution and on septa and chamber 


ceiling of antepenultimate volution, spl. 30. 


. SUI 94769: sagittal section showing very faint development of epitheca on septa and chamber ceiling of ultimate, penultimate, 


and antepenultimate volutions, spl. 29. 
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ex gr. subpulchra lineage of Europe (E. Villa, personal 
communication, 1999, 2000). This interpretation sug- 
gests that Fusulinella is a polyphyletic genus and that 
its multiple origins are the result of synchronous or 
nearly synchronous parallelism. Parallelism of this 
type apparently is common, having been documented 
in Cretaceous ammonites (Kennedy and Cobban, 
1976; Kennedy, 1977), angiosperms (Wolfe et al., 
1975; Doyle, 1977), and other groups of fusulinaceans 
(Ginkel and Villa, 1999), to cite just a few examples. 
According to Mayr (1963), parallelism occurs when 
closely related species (/.e., organisms with a common 
heritage) respond similarly to similar selection pres- 
sure. 

A related concept—collateral evolution—requires 
discussion, but less adequately describes the Profusu- 
linella—Fusulinella transition. As conceived by Shaw 
(1969), collateral evolution occurs when a geographi- 
cally widely distributed ancestral character responds to 
selection pressure to produce identical transition series 
leading to identical descendant characters. Shaw con- 
sidered that a given mutation could arise simultaneous- 
ly in multiple places and then be incorporated in all 
areas that are subject to a given change in selection 
pressure. In this sense, collateral evolution does not 
differ substantially from synchronous parallelism. It is 
clear from Shaw’s discussion, however, that he envi- 
sioned collateral evolution as operating in a globally 
distributed (mondial) taxon or lineage (see also 
Springer and Murphy, 1994), as opposed to closely 
related but genetically distinct populations. As dis- 
cussed above, it is difficult to accept that a global pop- 
ulation of Profusulinella could exist while other fu- 
sulinids were so markedly provincial. For example, the 
contemporaneous genera Neostaffella, Verella, and 
Eofusulina occur widely throughout Eurasia, but no 
occurrences have been documented in the Midconti- 
nent-Andean realm. More troubling, if advanced pro- 
fusulinellids worldwide did in fact constitute a mon- 
dial taxon, then a wholesale rethinking of traditional 


species concepts is required. On morphologic criteria, 
most specialists would agree that P. regia is distinct 
from P. ex gr. pseudorhomboides and from P. prisca 
timanica. 

Finally, it is interesting to note that the transition 
from profusulinellid-type to fusulinellid-type wall 
structure also occurred in an entirely separate clade of 
fusulinids, the Pseudostaffellinae, in connection with 
the origin of Neostaffella from Pseudostaffella. The 
independent acquisition of a ceiling epitheca in the Fu- 
sulininae and Pseudostaffellinae was cited by Groves 
(1997) as an example of convergence and one of many 
patterns of repetitive evolution among Late Paleozoic 
foraminifers. This event in the Pseudostaffellinae oc- 
curred in the Early Bashkirian Substage (Askynbash- 
ian), significantly earlier than in the Fusulininae. 


BIOSTRATIGRAPHY 


The stratigraphic appearance of Fusulinella has 
been utilized since the 1940’s for correlating upper 
Atokan rocks in North America (Dunbar and Henbest, 
1942; Thompson, 1945, 1948), and more recently, in 
South America (Altiner and Savini, 1995). In western 
Eurasia, this event characterizes the base of the upper 
division of the Kashirian Substage of the Moscovian 
Stage (Solov’eva, 1963, 1977; Ginkel, 1965; Ivanova 
et al., 1979). [Solov’eva (1985, 1986) and Solov’eva 
et al. (1985) proposed a revision of the Moscovian 
Stage in which the ““Tsninsky Horizon” was recog- 
nized between the Vereisky and Kashirsky horizons. 
Subsequent work has shown that the ““Tsninsky”’ in- 
terval is equivalent to the lower Kashirsky, and thus 
redundant (A. Alekseev, pers. commun., 1999). If one 
employs “Tsninsky” as a discrete chronostratigraphic 
unit, however, then the appearance of Fusulinella 
would fall at the base of the upwardly revised Kashi- 
rian Substage.] The base of the Zone of Fusulinella 
defines both the base of the Akiyoshian Stage in Japan 
(Toriyama, 1967) and the base of the upper substage 
of the Dalan Stage in South China (Gao et al., 1983). 


PLATE 5 


1-10. Fusulinella llanoensis (Thomas, 1931), all *30. 
1. SUI 94779: axial section, spl. 53. 
2. SUI 94780: sagittal section, spl. 52. 
3. SUI 94781: sagittal section, spl. 52. 
4. SUI 94782: axial section, spl. 52. 
5. SUI 94783: axial section, spl. 50. 
6. SUI 94784: sagittal section, spl. 50. 
7. SUI 94785: sagittal section, spl. 53. 
8. SUI 94786: axial section, spl. 50. 
9. SUI 94787: axial section, spl. 50. 

10. SUI 94788: sagittal section, spl. 52. 
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FUSULINID WALL STRUCTURE: GROVES 


Historically, specialists have accepted that the bases of 
the upper Atokan, upper Kashirian, Akiyoshian, and 
upper Dalan are approximately equivalent in age 
(Text-fig. 5; Toriyama, 1967; Ivanova et al., 1979; see 
Aisenverg ef al., 1979 for an alternate interpretation). 
The appearance of Fusulinella, therefore, implicitly 
was bestowed significant weight in intercontinental 
correlations, but the actual worldwide timing of this 
event needs to be evaluated independently of axiom- 
atic fusulinid-based correlations. 

If one accepts that earliest Fusulinella arose inde- 
pendently and synchronously (by whatever means) in 
at least three widely separated areas, and that the mi- 
gratory appearance of Fusulinella throughout the re- 
mainder of the paleo-tropics and subtropics followed 
soon thereafter, then some mechanism must be in- 
voked for the rapid dispersal outward from the original 
loci. Given the paleogeographic and paleoclimatic 
constraints cited above, such dispersal most likely oc- 
curred during an interglacial highstand that would 
have flooded low land areas and warmed the shallow 
seas in the mid-paleolatitudes. Published coastal onlap 
curves for the Pennsylvanian depict glacio-eustatic cy- 
clicity, but there are conflicting interpretations regard- 
ing the amplitude and frequency of highstands during 
late Atokan/late Kashirian time. According to the 
curve in Ross and Ross (1987, fig. 3), the appearance 
of Fusulinella coincided approximately with a minor 
rise in sea level, but in terms of overall second-order 
eustacy, this span of Atokan time was characterized by 
relatively low sea levels. By comparision, the curve 
derived by Alekseev et al. (1996, fig. 10) for the Mos- 
cow Syneclise shows higher frequency cycles during 
Kashirian time and a relatively more pronounced late 
Kashirian flooding event. It is unclear whether or not 
the late Kashirian transgression was of a sufficient 
magnitude to assist the distribution of Fusulinella. 
This, too, must be evaluated in greater detail by inte- 
grating sequence stratigraphy with multidisciplinary, 
high resolution biostratigraphy. 


ik 


tO 


oS) 


bo 
an 


CONCLUSIONS 


The evolutionary transition from Profusulinella to 
Fusulinella does not involve the acquisition of new 
characters, but rather the progressive development 
of secondary wall deposits. In the profusulinellid- 
type wall the epitheca is restricted to septa and the 
floors of chambers. In the fusulinellid-type wall it 
is secreted also on the ceilings of chambers so that 
it forms a lining of the entire chamber cavity. In 
primitive Fusulinella, the ceiling epitheca is thin 
more advanced 
forms it is thicker and more continuously devel- 
oped. 

The diaphanotheca in Fusulinella typically appears 
lighter and more transparent than in Profusulinella. 
This may be partly illusory: in Fusulinella the dia- 
phanotheca appears light because it is underlain by 
the darker ceiling epitheca; in Profusulinella it ap- 
pears dark because it is in direct contact with clear, 
chamber-filling cement. Additionally, the diaphan- 
otheca in typical Profusulinella 1s finely crystalline, 
resulting in relatively high internal refraction and 
reflection of transmitted light. Crystal size within 
the diaphanotheca apparently increased with evo- 
lutionary grade, so that advanced Profusulinella 
and Fusulinella possess more coarsely crystalline 
diaphanothecae that allow greater transmittance of 
light. 


and discontinuous, whereas in 


. An anagenetic transition from profusulinellid-type 


to fully fusulinellid-type wall structure has been 
documented in a thin (15 m) interval of the Marble 
Falls Limestone at the Pfluger Bluff locality in cen- 
tral Texas. Advanced profusulinellids are assignable 
to P. regia. Well developed fusulinellids are as- 
signable to F. llanoensis. Transitional populations 
assigned to F. primaeva include specimens with 
both profusulinellid- and variably developed fusu- 
linellid-type walls. Fusulinellid-type wall structure 
at Pfluger Bluff occurs in progressively earlier on- 


PLATE 6 


1-6. Fusulinella llanoensis (Thomas, 1931), all * 150. 
1. SUI 94782: axial section, spl. 52. 


2. SUI 94789: axial section showing block or columnar crystals of diaphanotheca in ultimate volution (without epitheca on chamber 
ceiling) and well-developed epitheca on chamber ceiling of penultimate volution, spl. 50. 


Nn fw 


. SUI 94791: 
deposits in penultimate volution, spl. 50. 


. SUI 94790: sagittal section showing well-developed epitheca on septa and chamber ceiling of outer three volutions, spl. 50. 

. SUI 94785: sagittal section showing very thick epitheca on septa and chamber ceiling of outer three volutions, spl. 53. 

. SUI 94785: sagittal section showing very thick epitheca on septa and chamber ceiling of outer three volutions, spl. 53. 

sagittal section showing faint epitheca on septa and chamber ceiling of ultimate volution; and thicker epithecal 
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togenetic stages in successively younger popula- 
tions, representing a type of heterochrony known as 
acceleration. Available evidence suggests that sim- 
ilar transitions, involving the P. ex gr. pseudorhom- 
boides—F. ex gr. subpulchra lineage and the P. pris- 
ca timanica—Fusulinella. n. sp. lineage, occurred 
independently in Europe and southeast Asia, re- 
spectively. Thus, Fusulinella is a polyphyletic ge- 
nus and its nearly synchronous, multiple origins 
represent a striking example of parallelism. 

4. The stratigraphic appearance of Fusulinella char- 
acterizes the base of the informal upper part of the 
Atokan Series in North and northern South Amer- 


ica, the upper part of the Kashirian Substage of the 
Moscovian Stage in western Eurasia, the base of 
the Akiyoshian Series in Japan, and the base of the 
upper part of the Dalan Stage in South China. 
These horizons are considered roughly age equiv- 
alent by most authors, implying rapid and wide- 
spread dispersal of Fusulinella spp. from their orig- 
inal populations. The appearance of Fusulinella 
may prove highly useful in intercontinental biostra- 
tigraphy, but this datum first must be evaluated in- 
dependently through multidisciplinary investiga- 
tions that integrate biostratigraphy with sequence 
stratigraphy. 


REFERENCES CITED 


Aisenverg, D.E., Brazhnikova, N.E., Vassilyuk, N.P., Vdovenko, 
M.V., Gorak, S.V., Dunaeva, N.N., Zernetskaya, N.V., 
Poletaey, V.I., Potieyskaya, P.D., Rotai, A.P., and Ser- 
geeva, M.T. 

1979. The Carboniferous sequence of the Donetz Basin: a stan- 
dard section for the Carboniferous System. in The Car- 
boniferous of the USSR. R.H. Wagner, A.C. Higgins, and 
S.V. Meyen, eds., Yorkshire Geological Society Occasion- 
al Publication 4, pp. 197—224. 

Alekseev, A.S., Kononova, L.I., and Nikishin, A.M. 

1996. The Devonian and Carboniferous of the Moscow Syne- 
clise (Russian Platform): stratigraphy and sea-level chang- 
es. Tectonophysics, vol. 268, pp. 149-168. 

Altiner, D., and Savini, R. 

1995. Pennsylvanian foraminifera and biostratigraphy of the 
Amazonas and Solim6ds basins (north Brazil). Revue de 
Paléobiologie, vol. 14, pp. 417-453. 

Angell, R.W. 

1980. Test morphogenesis (chamber formation) in the foramin- 
ifer Spiroloculina hyalina Schultze. Journal of Foraminit- 
eral Research, vol. 10, pp. 89-101. 

Carpenter, W.B., Parker, W.K., and Jones, T.R. 

1862. Introduction to the study of the foraminifera. Ray Society 

Publications, London, 319 pp. 
Cheney, M.G. 

1940. Geology of north-central Texas. American Association of 

Petroleum Geologists Bulletin, vol. 24, pp. 65-118. 
Crowell, J.C. 

1978. Gondwanan glaciation, cyclothems, continental position- 
ing, and climate change. American Journal of Science, 
vol. 278, pp. 1345-1372. 

de Beer, G.R. 
1940. Embryos and ancestors, Clarendon Press, Oxford, 197 pp. 
Douglass, R.C. 

1977. The development of fusulinid biostratigraphy. 2 Concepts 
and Methods of Biostratigraphy, E.G. Kauffman and J.E. 
Hazel, eds., Dowden, Hutchinson and Ross, Stroudsburg, 
Pennsylvania, pp. 463—481. 

1987. Fusulinid biostratigraphy and correlations between the 
Appalachian and Eastern Interior basins. U. S. Geological 
Survey Professional Paper 1451, 95 pp. 

Douvillé, H. 

1906. Sur la structure du test dans les fusulines. Académie des 
Sciences de Paris, Comptes Rendus, Mémoires, vol. 143, 
pp. 258-261. 


Doyle, J.A. 

1977. Patterns of evolution in early angiosperms. in Patterns of 
evolution, as illustrated by the fossil record, A. Hallam, 
ed., Developments in Palaeontology and Stratigraphy, 5. 
Elsevier Scientific Publishing Company, Amsterdam, Ox- 
ford, New York, pp. 501-546. 

Dunbar, C.O., and Condra, G.E. 

1928. The Fusulinidae of the Pennsylvanian System in Nebras- 
ka. Nebraska Geological Survey Bulletin Il, Second Se- 
ries, 135 pp. [imprint 1927]. 

Dunbar, C.O., and Henbest, L.G. 

1942. Pennsylvanian Fusulinidae of Ilinois. Illinois State Geo- 

logical Survey Bulletin 67, 218 pp. 
Dunbar, C.O., and Skinner, J.W. 

1937. Permian Fusulinidae of Texas. The University of Texas 

Bulletin No. 3701, pp. 517-825. 
Dyhrenfurth, G. 

1909. Die Fusulinen von Darwas. in Monographie der Fusuli- 
nen, Pt. I], E. Schellwien, Palaeontographica, vol. 56, pp. 
137-176. 

Gao Lianda, Wang Zengji, and Wu Xianghe 

1983. The Middle Carboniferous of China. in The Carboniferous 
of the world, Part I, China, Korea, Japan, and S.E. Asia., 
R.H. Wagner, C.F Winkler Prins, and L.F Granados, eds., 
Instituto Geologico y Minero de Espana, and Empressa 
Nacional Adaro de Investigaciones Mineras, S. A., [UGS 
Publication No. 16, pp. 56-86. 

Ginkel, A.C. van 

1965. Carboniferous fusulinids from the Cantabrian Mountains 
(Spain). Leidse Geologische Mededelingen, Deel 34, 
225 pp. 

Ginkel, A.C. van, and Villa, E. 

1999. Late fusulinellid and early schwagerinid foraminifera: re- 
lationships and occurrences in the Las Llacerias section 
(Moscovian/Kasimovian), Cantabrian Mountains, Spain. 
Journal of Foraminiferal Research, vol. 29, pp. 263-290. 

Girty, G.H. 

1904. Triticites, a new genus of Carboniferous foraminifera. 

American Journal of Science, vol. 17, pp. 234—240. 
Gould, S.J. 

1977. Ontogeny and phylogeny. Belknap Press (Harvard), Cam- 

bridge, Massachusetts and London, England, 501 pp. 
Green, H.W., I, Lipps, J-H., and Showers, W.J. 

1980. Test ultrastructure of fusulinid foraminifera. Nature, vol. 

283, pp. 853-855. 


FUSULINID WALL STRUCTURE: GROVES NF 


Groves, J.R. 
1986. Foraminiferal characterization of the Morrowan-Atokan 
(lower Middle Pennsylvanian) boundary. Geological So- 

ciety of America Bulletin, vol. 97, pp. 346-353. 
1991. Fusulinacean biostratigraphy of the Marble Falls Lime- 
stone (Pennsylvanian), western Llano region, central Tex- 
as. Journal of Foraminiferal Research, vol. 21, pp. 67-95. 
1992. Stratigraphic distribution of non-fusulinacean foraminifers 
in the Marble Falls Limestone (Lower-Middle Pennsyl- 
vanian), western Llano region, central Texas. in Recent 
advances in Middle Carboniferous biostratigraphy—a 
symposium, PK. Sutherland and W.L. Manger, eds., 
Oklahoma Geological Survey Circular 94, pp. 145-161. 
1997. Repetitive patterns of evolution in Late Paleozoic fora- 
minifers. i1 Late Paleozoic foraminifera 


their biostratig- 
raphy, evolution, and paleoecology and the mid-Carbon- 
iferous boundary, C.A. Ross, J.R.P. Ross, and PL. Brenc- 
kle, eds., Cushman Foundation for Foraminiferal Re- 
search Special Publication No. 36, pp. 51—54. 

Groves, J.R., and Sanderson, G.A. 

1990. Systematics of the North American species of Profusuli- 
nella (Middle Pennsylvanian Fusulinidae). Micropaleon- 
tology. vol. 36, pp. 105-140. 

Gubler, J. 

1934. Structure et sécrétion du test des Fusulinidés. Annales de 
Protistologie, vol. 4, pp. 1—24. 

1936. Les Fusulinidés du Permien de I’ Indochine, leur structure 
et leur classification. Société Geologique de France, Mé- 
moires, n. s., vol. 11, no. 4, pp. 1-173 [imprint 1935]. 

Hemleben, C., Anderson, O.R., Berthold, W.U., and Spind- 
ler, M. 

1986. Calcification and chamber formation in foraminifera—a 
brief overview. in Biomineralization in lower plants and 
animals, B.S.C. Leadbeater and R. Riding, eds., The Sys- 
tematics Association, Special Volume No. 30, Clarendon 
Press, Oxford, pp. 237-249. 

Ivanova, E.A., Solov’eva, M.N., and Shik, E.M. 

1979. The Moscovian Stage in the USSR and throughout the 
world. in The Carboniferous of the USSR, R.H. Wagner, 
A.C. Higgins, and S.V. Meyen, eds., Yorkshire Geological 
Society Occasional Publication 4, pp. 117-146. 

Johnson, D.W. 

1983. Carbonate petrography, microfacies, and depositional his- 
tory of the Marble Falls Formation (Pennsylvanian), Lla- 
no region, central Texas. unpublished Master’s thesis, 
University of Oklahoma, Norman, 258 pp. 

Kennedy, W.J. 

1977. Ammonite evolution. in Patterns of evolution, as illus- 
trated by the fossil record, A. Hallam, ed., Developments 
in Palaeontology and Stratigraphy, 5. Elsevier Scientific 
Publishing Company, Amsterdam, Oxford, New York, pp. 
251-304. 

Kennedy, W.J., and Cobban, W.A. 
1976. Aspects of ammonite biology, biostratigraphy and bioge- 


ography. The Palaeontological Association (London), 
Special Papers in Palaeontology, vol. 17, 94 pp. 
Lee, J.S. 

1923. A graphic method to aid specific determination of fusu- 
linoids and some results of its application to the Fusulinae 
from North China. Geological Society of China Bulletin, 
vol. 2, pp. 51-86. 

1924. New terms in the description of the Fusulinidae. Geolog- 
ical Society of China Bulletin, vol. 3, pp. 13-14. 


Lee, J.S., Chen, S., and Chu, S. 

1930. The Huanglung Limestone and its fauna. Academica Sin- 
ica, Memoirs of the National Research Institute of Geol- 
ogy, vol. 9, pp. 85-143. 

Loeblich, A.R., Jr., and Tappan, H. 

1964. Sarcodina, chiefly ““Theocamoebians” and Foraminiferi- 
da. in Treatise on Invertebrate Paleontology, R.C. Moore, 
ed., Geological Society of America and University of 
Kansas Press, Part C, Protista (2), 2 vols., 900 pp. 

Lutze, G.H., and Wefer, G. 

1980. Habitat and asexual reproduction of Cyclorbiculina com- 
pressa (Orbigny), Soritidae. Journal of Foraminiferal Re- 
search, vol. 10, pp. 251-260. 

Manger, W.L., and Sutherland, P.K. 

1984. Preliminary conodont biostratigraphy of the Morrowan- 
Atokan boundary (Pennsylvanian), eastern Llano Uplift, 
central Texas. in The Atokan Series (Pennsylvanian) and 
its boundaries—a symposium, P.K. Sutherland and W.L. 
Manger, eds., Oklahoma Geological Survey Bulletin 136, 
pp. 115-122. 

Mayr, E. 

1963. Populations, species, and evolution. Harvard University 
Press, Cambridge, Massachusetts and London, England, 
453 pp. 

Myers, E.H. 

1935. The life history of Patellina corrugata Williamson, a for- 
aminifer. University of California, Scripps Institute of 
Oceanography, Technical Series, vol. 3, pp. 355-392. 

Plummer, F.B. 

1950. The Carboniferous rocks of the Llano region of central 
Texas. The University of Texas Publication No. 4329, 
170 pp. 

Rauser-Chernousova, D.M., Bensh, F.R., Vdovenko, M.V., 
Gibshman, N.B., Leven, E. Ya., Lipina, O.A., Reitlin- 
ger, E.A., Solov’eva, M.N., and Chediya, I.O. 

1996. Reference book on the systematics of Paleozoic forami- 
nifera (Endothyroida, Fusulinoida). Rossiiskaya Akade- 
miya Nauk, Geologicheskii Institut, Moskva “‘Nauka,” 
204 pp. [in Russian]. 

Rauser-Chernousova, D.M., Gryslova, N.D., Kireeva, G.D., 
Leontovich, G.E., Safonova, T.P., and Chernova, E.1. 

1951. Middle Carboniferous fusulinids of the Russian Platform 
and adjacent regions. Akademiya Nauk SSSR, Institut 
Geologicheski1t Nauk, Ministerstvo Neftiyanoi Promysh- 
lennosti SSSR, Trudy, 380 pp. [in Russian]. 

Ross, C.A. 

1967. Development of fusulinid (Foraminiferida) faunal realms. 

Journal of Paleontology, vol. 41, pp. 1341-1354. 
Ross, C.A., and Ross, J-R.P. 

1985. Carboniferous and Permian biogeography. Geology, vol. 
13, pp. 27-30. 

1987. Late Paleozoic sea levels and depositional sequences. in 


Timing and depositional history of eustatic sequences: 
constraints on seismic stratigraphy. C.A. Ross and D. Ha- 
man, eds., Cushman Foundation for Foraminiferal Re- 
search, Special Publication 24, pp. 137-168. 
Rowley, D.B., Raymond, A., Parrish, J.T., and Lottes, A.L. 
1985. Carboniferous paleogeographic, phytogeographic, and pa- 
leoclimatic reconstructions. International Journal of Coal 
Geology, vol. 5, pp. 7-42. 
Schellwien, E. 
1898. Die Fauna des karnischen Fusulinenkalks, Pt. 1. Palaeon- 
tographica, vol. 44, pp. 237-282. 
Schwager, C. 
1887. Protozoa. in Salt Range fossils. W. Waagen and J. Wen- 


218 BULLETIN 369 


tzel, India Geological Survey Memoir, Palaeontologica 
Indica, Series 13, vol. 1, pp. 983-990. 
Shaw, A.B. 

1969. Adam and Eve, paleontology, and the non-objective arts. 

Journal of Paleontology, vol. 43, pp. 1085-1098. 
Skinner, J.W. 

1931. Primitive fusulinids of the mid-continent region. Journal 

of Paleontology, vol. 5, pp. 253-259. 
Skinner, J.W., and Wilde, G.L. 

1954a. Fusulinid wall structure. Journal of Paleontology, vol. 
28, pp. 445-451. 

1954b. New Early Pennsylvanian fusulinids from Texas. Journal 
of Paleontology, vol. 28, pp. 796-803. 

Solov’eva, M.N. 

1963. Stratigraphy and fusulinid zones of the Middle Carbon- 
iferous deposits of central Asia. AKademiya Nauk SSSR, 
Trudy Geologicheskogo Instituta, Izdatel’stvo Akademiya 
Nauk SSSR, Vypusk 76, 133 pp. [in Russian]. 

1977. Zonal stratigraphy of the Middle Carboniferous deposits 
of the USSR on fusulinid faunas. AKademiya Nauk SSSR, 
Ordena Trudovogo Krasnogo Znameni Geologicheskii In- 
stitut, Voprosy Mikropaleontologii, vol. 19, pp. 43—67 [in 
Russian with English summary]. 

1985. Correction of the USSR general Carboniferous scale in 
connection with restudying the Moscovian Stage strato- 
type and a new model for the correlation of the lower 
Moscovian Substage. Dixieme Congres International de 
Stratigraphie et de Geologie du Carbonitere, Madrid, 12— 
17 September 1983, Compte Rendu, vol. 1, pp. 21—26. 

1986. Fusulinid zonal scale of the Moscovian Stage based on 
restudy of stratotypes of intrastadial subdivisions. Aka- 
demiya Nauk SSSR, Ordena Trudovogo Krasnogo Zna- 
meni Geologicheskii Institut, Voprosy Mikropaleontolo- 
gil, vol. 28, pp. 3—23 [in Russian]. 

Soloy’eva, M.N., Fisunenko, O.P., Goreva, N.V., Barskovy, LS., 
Gubareva, V.S., Dzhenchuraeva, A.V., Dalmatskaya, 
L.1., Ivanova, E.A., Poletaev, V.I., Popov, A.V., Ru- 
myantseva, Z.S., Teteryuk, V.K., and Shik, E.M. 

1985. New data on stratigraphy of the Moscovian Stage. Dix- 
iéme Congrés International de Stratigraphie et de Géolo- 
gie du Carbonifere, Madrid, 12-17 September 1983, 
Compte Rendu, vol. 1, pp. 11-20. 

Springer, K.B., and Murphy, M.A. 

1994. Punctuated stasis and collateral evolution in the Devonian 
lineage of Monograptus hercynicus. Lethaia, vol. 27, pp. 
119-128. 


Stebbins, G.L. 

1974. Flowering plants: evolution above the species level, Har- 

vard University Press, Cambridge, 399 pp. 
Thomas, N.L. 

1931. New early fusulinids from Texas. The University of Texas 

Bulletin No. 3101, pp. 27-33. 
Thompson, M.L. 

1945. Pennsylvanian rocks and fusulinids of east Utah and 
northwest Colorado correlated with Kansas section. State 
Geological Survey of Kansas Bulletin, vol. 60, no. 2, pp. 
17-84. 

1947. Stratigraphy and fusulinids of pre-Desmoinesian Pennsyl- 
vanian rocks, Llano Uplift, Texas. Journal of Paleontolo- 
gy, vol. 21, pp. 147-164. 

1948. Studies of American fusulinids. University of Kansas Pa- 
leontological Contributions, Protozoa, Article 1, 184 pp. 

1951. Wall structures of fusulinid foraminifera. Contributions 
from the Cushman Foundation for Foraminiteral Re- 
search, vol. 2, pp. 86-91. 

1953. Primitive Fusulinella from southern Missouri. Journal of 
Paleontology, vol. 27, pp. 321-327. 

Thompson, M.L., Shaver, R.H., and Riggs, E.A. 

1959. Early Pennsylvanian fusulinids and ostracods of the Ili- 

nois Basin. Journal of Paleontology, vol. 33, pp. 770-792. 
Toriyama, R. 

1967. The fusulinacean zones of Japan. Memoirs of the Faculty 
of Science, Kyushu University, Series D, Geology, vol. 
18, pp. 35-260. 

Ueno, K., and Igo, H. 

1997. Late Paleozoic foraminifers from the Chiang Dao area, 
northern Thailand. in Proceedings of the XII International 
Congress on the Carboniferous and Permian, Part 1. M. 
Podemski, S. Dybova-Jachowicz, K. Jaworowski, J. Ju- 
reczka, and R. Wagner, eds., Prace Panstwowego Instytutu 
Geologicznego, pp. 339-358. 

Volz, W. 

1904. Zur Geologie von Sumatra, Anhang II, Einige neue For- 
aminiferen und Korallen sowie Hydrokorallen aus dem 
Oberkarbon Sumatras. Geologie und Paliéiontologie, Ab- 
handlungen, Koken (Jena), vol. 10, pp. 177—194. 

Wetmore, K.L. 

1999. Chamber formation in Archaias angulatus. Journal of Fo- 

raminiferal Research, vol. 29, pp. 69—74. 
Wolfe, J.A., Doyle, J.A., and Page, V.M. 

1975. The bases of angiosperm phylogeny: paleobotany. Annals 

of the Missouri Botanical Garden, vol. 62, pp. 801-824. 


LEAF SHAPE MODELS: MACLEOD 


SHAPE MODELS AS A BASIS FOR MORPHOLOGICAL ANALYSIS IN PALEOBIOLOGICAL 
SYSTEMATICS: DICOTYLEDONOUS LEAF PHYSIOGRAPHY 


NORMAN MACLEOD 


Department of Palaeontology, The Natural History Museum 
Cromwell Road, London, SW7 S5BD, U. K. 
N.MacLeod @nhm.ac.uk 


ABSTRACT 


A primary goal of contemporary biological systematics is to document patterns of covariation between morphological characters 
and a host of physiochemical variables. These investigations are necessary in order to understand (1) the origins and maintenance 
of discontinuities in the morphological plexus (which form the basis for the ““species”” concept) and (2) the effect of environmental 
variation on species. In paleontology, these two research programs also can serve as the empirical basis through which morpho- 
logical data can be used as proxies to estimate a wide range of physiochemical variables for which direct measurement is 
impossible. Application of this research program has been especially successful in paleobotany where it has, up to now, rested 
on a traditional qualitative approach to morphological analysis. However, by making use of the tools of geometric morphomet- 
rics—especially those that pertain to construction of shape models—the power of this approach to systematic investigation can 
be extended and enhanced. Morphometric modeling analysis of five leaf-shape characters drawn from the work of Jack Wolfe 
(1993) illustrates the techniques involved in this approach to systematic studies and the sorts of improvements in the character- 
ization of morphological data that can be expected. In each of the cases examined here, the model-based results represented 
character concepts more fully and more accurately than text-based character-state definitions and exemplar illustrations drawn 
from real leaves alone. By placing the analysis of morphological variation on a firm quantitative footing, improvements can also 
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be realized in documenting the nature of the relation between morphological and physiochemical variables. 


INTRODUCTION 


While biological systematics (the study of the kinds 
and diversity of organisms, Simpson, 1961) is both 
important and interesting in its own right, its continued 
relevance to the larger scientific enterprise is based on 
the value of systematic data as proxies for a wide va- 
riety of other natural phenomena. Indeed, it is so com- 
monplace to learn that measurements of environmental 
quality or relative degrees of environmental perturba- 
tion are based on observations of plants and animals 
living in particular locations or habitats, that we often 
fail to appreciate—or in many cases even to recog- 
nize—this link. Nowhere is the importance of proxy- 
based analyses more evident than in the earth sciences 
where paleontological data are used to estimate a host 
of physiochemical variables that would be impossible 
to obtain otherwise (e.g., temperature, salinity, humid- 
ity, rainfall, productivity). These proxy-level relations 
between biotic information and environmental param- 
eters represent value-added adjuncts to the traditional 
role of paleontological data in chronostratigraphical 
analysis. 

Given our increasing dependence on the accuracy of 
proxy-based quasi-measurements for understanding 
our planet’s past, present, and future, it is surprising 
that its basis has not come under closer scrutiny. In 
drawing attention to this issue I am, of course, ex- 
cepting the excellent work that has gone into docu- 


menting, analyzing, and understand the nature of re- 
lations between biochemical data and physical vari- 
ables. Reaching, perhaps, its acme in the area of iso- 
topic paleontology (e.g., MacFadden and Bryant, 
1992), the study of the chemical composition of or- 
ganic materials—and how these compositions vary 
with a wide variety of local and global environmental 
changes—has engendered revolutions in fields such as 
paleoceanography, paleoclimatology, and paleoecol- 
ogy. 

The chemical analysis of organismal structures, 
however, does not constitute the basic data of system- 
atics. Those data are morphological. Sadly, efforts to 
document relations between morphological variation 
and variations in virtually all physical, chemical, tem- 
poral, geographical, ecological, spatial, and evolution- 
ary variables remain almost entirely relegated to qual- 
itative, almost anecdotal forms of analysis. 

There are many explanations for the relative lack of 
attention that has been paid to investigating the nature 
of these relations. For the most part, these fall into two 
categories: the complexity of inferring cause and effect 
from historical data, and the complexity of morpho- 
logical analysis. With respect to the former, although 
it is true that morphological data can be influenced by 
multiple external and internal forcing factors (many of 
which have strongly random component of variation 
that also differs between habitats and species), this 
problem is also present in biochemical data, albeit of- 
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ten to a somewhat lesser degree. Strategies to deal with 
this sort of complexity have been developed through- 
out biology (e.g., Falconer, 1981; Sokal and Rohlf, 
1995), as they have in other branches of science. Con- 
sequently, there seems no a priori reason to believe 
that the quantitative evaluation of cause-and-effect hy- 
potheses cannot be handled successfully in systemat- 
ics. Rather, I suspect that the more significant obstacle 
to progress in this area lies in the data-analysis chal- 
lenges presented by morphological data. 

The quantification of morphology has long been a 
“holy grail” of sorts in systematics. Attempts to test 
hypotheses by appealing to morphological measure- 
ments are as old as biology itself (Mayr, 1982; Mayr 
and Ashlock, 1991). The quantitative study of biolog- 
ical proportions informed art as well as anatomy in the 
Renaissance (Bookstein, 1993) and modern, statistical 
biometry can trace its heritage back over a century to 
the founding works of Francis Galton and Karl Pear- 
son (Steigler, 1986). In this historical context the work 
of D’Arcy Wentworth Thompson (e.g., Thompson, 
1917) deserves special mention as being the first to 
propose an elegant graphic—though, until recently, 
mathematically intractable—form of morphological 
analysis that explicitly embodied the notion of shape 
transformation and the implicit idea of shape model- 
ing. 

More recently, the work of Kendall (1984), Book- 
stein (1986, 1991, 1996a,b,c, 1997) Bookstein and 
Green (1993), Goodall (1991), MacLeod (1999), as 
well as contributions to compendium volumes edited 
by Rohlf and Bookstein (1990), Marcus er al. (1993), 
Marcus er al. (1996), and MacLeod and Forey (2002), 
have extended, combined, and synthesized the various 
strands of modern biological shape analysis into a co- 
hesive framework. Within this framework virtually any 
structural character used in the systematic description 
or diagnosis of any organism (modern or fossil) can 
be represented, compared, and contrasted with corre- 
sponding structures in other organisms. Using these 
methods, the resulting morphological ordinations can 
then be compared with ordinations of other non-mor- 
phological and/or non-biological variables in order to 
test and refine hypotheses of causal relation. Once this 
relation is understood, use of the morphological vari- 
able as a proxy for the causal environmental variable 
is relatively straightforward. 

This ability to analyze patterns of covariation be- 
tween geometrically complex morphological and non- 


morphological variables, along with a realization of 


the almost infinite geometrical complexity of biologi- 
cal objects (see Bookstein, 1994; MacLeod, 1999), has 
forced a refocusing of the entire field of morphomet- 
rics. The classical idea that morphometrics 1s about the 


“quantitative study of biological shape” (Hughes, 
2001), in the holistic sense of attempting to represent 
all available shape information contained within a or- 
ganism’s body, has now been abandoned (Bookstein, 
1991, 1994; MacLeod, 1999). Since shape variation is 
found at all measurement scales, it 1s impossible to 
summarize holistic shape variation with simple sets of 
measurements. (Note: this problem has important im- 
plications for the study of “‘shape disparity” between 
different organismal groups (e.g., Foote, 1991, 1996, 
1997): see Wills (2001) for a discussion.) Moreover, 
as demonstrated by MacLeod (1999), even seemingly 
minor changes in the way the same set of structures 
are measured (e.g., two-dimensional versus three-di- 
mensional representations of landmark data) can result 
in dramatic changes in shape-similarity assessments. 
Accordingly, morphometric theory has now concen- 
trated on the more tractable goal of studying quanti- 
tatively patterns of covariation with (and only with) 
those aspects of organismal morphology deemed rel- 
evant to the problem at hand (see Bookstein, 1993; 
MacLeod, 1999). Although this localization of the re- 
alized targets of morphometric analysis may strike 
some as a semantic difference without practical dis- 
tinction, the morphometric literature is replete with ex- 
amples where practitioners have mistaken patterns of 
localized shape variation in a particular structure (e.g., 
the relatively location of an eye or fin, the two-dimen- 
sional outline of a shell) with the holistic ““shape” of 
the entire organism. Whereas the former is a legitimate 
target of morphometric investigation, the latter is an 
abstract philosophical concept that cannot be assessed 
empirically even for relatively simple organisms. This 
paradigm shift remains to be fully implemented in 
many research programs. Nevertheless, its deep con- 
nection with the idea of using character-based mor- 
phological data as quantitative proxies for the environ- 
mental covariates seems both obvious and natural. 

In the development of this new, geometrically fo- 
cused approach to morphometric analysis, one aspect 
that has received comparatively little attention is the 
extent to which these new methods support direct 
shape modeling procedures and the utility of such pro- 
cedures in systematic contexts. Following from 
Thompson’s (1917) conceptual work on transforma- 
tional morphometrics, the ability to create shape mod- 
els that can be related to ordinations of measured 
shapes in linear “‘shape spaces” is implicit in all mod- 
ern morphometric methods (see MacLeod, 1999, 
2001la for examples). MacLeod (2002b) has explored 
the use of shape models to create need-specific quali- 
tative shape classification systems for use in several 
earth-science contexts. The present contribution ap- 
plies a refined methodology for creating eigenshape- 
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based shape models to a series of five leaf-shape char- 
acteristics in order to illustrate: (1) new strategies for 
shape-model construction and comparison of unknown 
objects with constructed shape models, and (2) the use 
and utility of these modeling procedures in an explic- 
itly systematic context. 
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DICOTYLEDONOUS LEAF PHYSIOGRAPHICAL 
CHARACTERS 


In order to standardize paleobotanical observations 
for use in a proxy-based system of environmental in- 
ferences, Wolfe (1993, 1995) established a series of 
seven leaf-shape characters and 29 associated character 
states. These characters were similar to standard, mod- 
ern-leaf, descriptive characters (e.g., Hickey, 1973; 
Stearn, 1992). Based on analyses of modern floras, 
Wolfe (1993, 1995) demonstrated that leaf-shape com- 
positional analysis could be employed as a morpho- 
logical proxy for mean annual temperature and water 
stress. 

Wolfe’s motivation for undertaking these studies 
was to standardize the descriptive leaf-shape nomen- 
clature to achieve a better understanding of the quan- 
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Text-figure 1.—Outlines for Wolfe’s (1993, 1995) leaf lobateness 


exemplars (redrawn from Wolfe, 1993). See text for discussion. 


titative relation between variations in leaf physiogno- 
my and variation in local environmental factors. In 
adopting this approach, Wolfe (1995) followed the 
strategy of Imbrie and Kipp (1971), who used a factor- 
analytic approach to inferring sea-surface temperatures 
from planktonic foraminiferal assemblages. Although 
Wolfe (1993, 1995) substituted correspondence anal- 
ysis (Nishisato, 1980; Greenacre, 1984) and canonical 
correspondence analysis (ter Braak and Prentice, 1988) 
for Imbrie and Kipp’s (1971) factor-analysis procedure 
(in order to circumvent the latter’s restriction to por- 
traying linear relationships among variables), the basic 
concept was identical: to estimate a series of equations 
that could be used to calculate indices of environmen- 
tal state from a morphology-based data set. 

Wolfe’s empiricism and commitment to quantitative 
analysis are to be commended. His efforts were re- 
warded with interpretations that were in reasonable 
agreement with previous studies and consistent among 
the modern localities included in his datasets (Wolfe, 
1995). Nonetheless, it is somewhat ironic to realize in 
hindsight that his desire to standardize the identifica- 
tion of his character-state morphologies went largely 
unfulfilled. For example, Wolfe’s “lobed” leaf-shape 
character (Text-fig. 1) was defined as follows: 


A species receives a score of 0 if no leaves are 
lobed, a score of 0.5 if some leaves are lobed and 
some are unlobed. and a score of 1.0 if all leaves 
are lobed. Lobing can be either pinnately lobed (for 
example, many Quercus) or palmately lobed (for ex- 
ample, many Acer). Both pinnately and palmately 
lobed [leaves] were scored separately but were later 
combined because separate scoring appeared to pro- 
duce no refinement. In order to be pinnately lobed, 
a lamina must be incised so that a line connecting 
the sinuses between the lobes is approximately par- 
allel to the midrib. . . . In palmately-lobed leaves, the 
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lobes are entered by a primary vein that originates 
near the base of the leaf. (Wolfe, 1993, p. 21). 


On first reading, this seems like a reasonable and 
objective subdivision of the possible lobate variation 
types. Closer inspection shows that it focuses on the 
distinction between pinnate and palmate lobe types— 
a distinction that is not used in scoring the character 
for environmental analysis. In the context of this def- 
inition, the critical class boundary between “lobed” 
and ‘‘unlobed”’ states remained undefined. Moreover, 
the definition is both highly technical in the sense of 
using many terms that would be understood only by 
experienced paleobotanists, and arbitrary in the sense 
of failing to demonstrate that the shape-class boundary 
definitions represent natural discontinuities in_ the 
structure of leaf-shape variation. For actual users of 
Wolfe’s scheme—many of whom might not be expe- 
rienced paleobotanists, specifically trained in its use— 
the most practical identification aid would be a graph- 
ical summary illustrating the range of acceptable intra- 
class variational types, perhaps augmented by a written 
description of the class-boundary criteria. 

The morphometric modeling tools Wolfe needed to 
realize his goal of providing more rigorous definitions 
of his character states have been available from the 
late 1980s, though few understood their potential at 
that time. Lohmann and Schweitzer (1990) made a 
brief mention of a modeling extension to Lohmann’s 
(1983) eigenshape technique. This method focused on 
the representation of shape as a deformation of the 
object’s outline in a manner generally suitable for leaf- 
shape data. MacLeod and Rose (1993) reformulated 
Lohmann and Schweitzer’s (1990) method and applied 
it to a problem in the inference of functional mor- 
phology (see MacLeod, 2001b, for an extension of that 
study). Still, owing to the fact that Wolfe’s leaf char- 
acters combine outline and landmark-based observa- 
tions to capture the complex morphologies paleobot- 
anists have traditionally used to describe leaves, a 
method of morphometric analysis was needed that 
combined both observation types in a way that ap- 
proximated the sorts of comparisons made by real pa- 
leobotanists on real leaves. MacLeod (1999) devel- 
oped such an extension for eigenshape analysis. 
Shape-modeling procedures based exclusively on land- 
marks have also been available since 1990 (see Book- 
stein, 1990, 1991) and could, in principle, be used to 
analyze and construct models from data such as 
Wolfe’s. The use of landmark-based models derived 
from these procedures in applied systematic contexts, 
however, still remains to be fully explored (but see 
MacLeod, 2001a, 2002a; Rohlf, 2002). 


METHODS 


The shape modeling method employed in this in- 
vestigation is derived from eigenshape analysis (Loh- 
mann, 1983; Lohmann and Schweitzer, 1990; Mac- 
Leod, 1999). In its current formulation (MacLeod, 
1999) eigenshape analysis can be viewed as a special 
case of relative warp analysis (Bookstein, 1991) that 
is defined over an extraordinary variety of data types 
(e.g., landmarks, boundary coordinates, mixtures of 
both). 

Standard eigenshape analysis begins 


as do all geo- 
metric morphometric procedures—with the reduction 
of a complex shape to a set of simple measurements 
via collection of two-dimensional or three-dimensional 
coordinate positions at corresponding semilandmark 
locations on all specimens within a sample (see Book- 
stein, 1996b, 1996c or MacLeod, 1999, 2001a for dis- 
cussions of semilandmarks). These coordinate posi- 
tions are assumed to correspond across the sample, 
though the nature of this correspondence may vary 
(e.g., phylogenetic correspondence or homology, func- 
tional correspondence, topological correspondence). 

Once the target shapes in a sample have been ab- 
stracted via coordinate-point digitization, the coordi- 
nate values are transformed into sets of object-specific 
shape functions (e.g., the @ or ¢* functions of Zahn 
and Roskies, 1972; the tangent angle function of 
Bookstein, 1978; a column vector of raw coordinate 
values as in MacLeod, 2001la; see Text-fig. 2A) and 
assembled into a data matrix. After these shape func- 
tions have been obtained, similarities and differences 
among the shapes they represent can be summarized 
by comparing their terms. 

These comparisons can be made in a number of 
ways. For exploratory purposes, it is often convenient 
to calculate the R-mode covariance matrix between the 
terms of each shape function within the sample. Sub- 
mitting this shape-covariance matrix to a multivariate 
vector-based analysis procedure—usually singular-val- 
ue decomposition—can help identify major trends of 
shape covariation existing among the measured spec- 
imens. This procedure employs eigenanalysis to align 
a series of multivariate vectors parallel to the predom- 
inant shape-variation trends and at right angles to one 
another. The alignment is organized such that the lon- 
gest vector corresponds to the trend that accounts for 
the greatest proportion of shape covariation within the 


sample, the second longest vector corresponds to the 
trend that accounts for the second greatest proportion 
of shape covariation, and so on. The resulting vector 
array summarizes contrasting patterns of shape varia- 
tion in a generalized, sample-specific, linear, geomet- 
rical space. 
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One interesting by-product of this analytic strategy 
is that the resultant vectors are themselves shape func- 
tions. These shape functions represent sample-based 
theoretical shapes in that they do not correspond to 
any known object. Using the conventions of multivar- 
iate analysis, these latent-shape vectors are typically 
used to form the axes of a mutually orthogonal coor- 
dinate system within which the shape-similarity rela- 
tions may be portrayed. This is possible because each 
vector joins the shape function (which is a single point 
in the shape subspace) to the origin of the coordinate 
system in such as way that intermediate positions 
along the vector represent linear approaches to the uni- 
tary (but hypothetical) morphological state represented 
by the vector. A shape’s position along any singular 
vector can be represented by the covariance between 
a specimen’s shape function and the latent shape func- 
tion represented by the vector axis. By inverting this 
logic, however, it becomes obvious that, in a system 
of orthogonal shape vectors so defined, any position 
within the shape hyperspace also corresponds to a 
unique shape, either realized or theoretical. 

Using the same logic, it can be appreciated that the 
representation of the set of shape vectors as continuous 
axes, along which intermediate positions are possible, 
means that the chord between the coordinate system’s 
origin and any of the sample-defined latent shape vec- 
tors defines a linear shape-transformation series. One 
way this series can be modeled is by altering the am- 
plitude of the latent-shape function via multiplication 
of each term by a constant value (Text-fig. 2B). 
MacLeod (1999) shows that this constant can be re- 
lated directly to the coordinate location (covariance 
value) of actual or theoretical objects within the mul- 
tivariate shape space. 

Consequently, specific models of shape states con- 
sistent with any location within the shape space can 
be calculated by appropriately scaling the various sin- 
gular shape vectors by specific covariance values (rep- 
resenting coordinate positions within the shape space) 
and then summing these scaled values as variables 
across all vectors involved in model construction 
(Text-fig. 3). This procedure is analogous to the man- 
ner in which radial Fourier harmonic series (amplitude 
and phase-angle spectra) can be combined to recon- 
struct closed-form shapes (see Christopher and Waters, 
1974: Kaesler, 1997). 

The procedure outlined above defines a family of 
shape functions that can be used, for example, to 
graphically represent the shape contrasts specified by 
each latent shape vector. Of course, if an incomplete 
coordinate location is specified (e.g., a model is con- 
structed using only first few latent shape vectors), the 
resultant model will only represent one of a number 
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Text-figure 2—Zahn and Roskies (1972) shape functions for 
Wolfe’s (1993) leaf lobateness exemplar shapes. The “step number” 
variable locates the sequence of short line segments used to represent 
each leaf’s shape (210 steps overall). The @ value represents the 
orientation of the line segments in terms of the net angular change 
from the previous segment’s orientation (expressed in radians). The 
Zahn and Roskies (1972) shape function is capable of expressing 
any shape (open or closed) as a linear mathematical function irre- 
spective of the shape’s complexity. A. Three shape functions cor- 
responding to Wolfe’s (1993) exemplar shapes. Note the relation of 
shape function complexity to the complexity of the leaf icon outline. 
B. Decomposition of the pinnately lobate exemplar (see Text-fig. 1) 
into three shape vectors via eigenshape analysis. These vectors rep- 
resent the latent shape functions calculated (via eigenanalysis) from 
the pairwise shape covariance matrix for all three exemplar shapes. 
Once obtained, these hypothetical shapes (which quantify patterns 
of shape similarity and dissimilarity within the exemplar set) can be 
amplitude-scaled by the covariance between any observed shape (in 
this case the pinnately lobate exemplar shape) and each of the three 
latent shapes (or “‘eigenshapes”’). As can be seen from B., this am- 
plitude-scaling operation can be used to reconstruct (or model) any 
original shape from the eigenshape decompositions. 


of alternative shapes that might exist at that location. 
Nevertheless, this modeling procedure can be used to 
compute the shape of an infinite series of theoretical, 
modeled shapes in a highly controlled and geometri- 
cally rigorous manner. Such modeled shape series can 
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Text-figure 3.—Details of Cartesian shape models corresponding 
to each of the reconstructed shape vectors shown in Text-figure 2B. 
A. Cartesian shape model corresponding to the scaled eigenshape | 
vector. B. Cartesian shape model corresponding to the scaled eigen- 
shape | plus eigenshape 2 vectors. C. Cartesian shape model cor- 
responding to the scaled eigenshape | plus eigenshape 2 plus eigen- 
shape 3 vectors. Note that each scaled eigenshape vector adds a 
unique component of shape variation to the reconstruction. The pro- 
gressive increase in the observed shape variance represented on the 
successive models means that, even in more complex cases (e.g., 
analyses based on samples containing more than three objects), the 
reconstructed shape can almost always be made to converge on a 
reasonably accurate approximation of the original object’s morphol- 
ogy by concatenating only the first few scaled shape vectors. This 
dimensionality reduction is one of the primary purposes of eigen- 


shape analysis. 


be quite useful in interpreting morphological data and 
testing systematic hypotheses. 


EXAMPLES AND RESULTS 


Wolfe (1993) illustrated six morphological charac- 
ters (other than size) that served as the basis of his 
physiographical system: leaf lobateness, marginal- 
tooth spacing, marginal-tooth shape, apex shape, base 
shape, and leaf shape. Of these, marginal-tooth spacing 
was excluded from consideration in this study because 
it is not a shape-based characteristic. Eigenshape-based 
shape models were calculated for the five remaining 
characters using Wolfe’s (1993) drawings (Text-fig. 4) 
as the reference exemplars for each modeling proce- 
dure. 

In order to take advantage of as much relevant geo- 
metrical information as possible, the extended eigen- 
shape method (MacLeod, 1999) was employed in the 
creation of each shape model sequence. Extended e1- 
genshape analysis takes advantage of landmark point 
locations along the boundary outline to subdivide the 
overall outline into corresponding outline segments 
(Text-fig. 5). Once these segments have been recog- 
nized, the spatial resolution of each outline segment is 
adjusted such that all corresponding segments in the 
sample meet a common representational quality crite- 


rion. This procedure has the added advantage of 


weighting the subsequent analysis by the complexity 
of each segment’s shape. 

Each shape was originally sampled at a resolution 
of 250 equally spaced points, and then back interpo- 
lated such that each landmark-defined segment was 
represented by a set of equally spaced boundary co- 
ordinate points. This interpolation procedure proceed- 
ed iteratively until the interpolated perimeter of each 
segment on each object was at least 99.0 percent the 
length of the original (digitized) perimeter. Text-figure 
5 also shows the boundary coordinate point counts for 
each shape segment on a representation of the mean 
shape of each analyzed character. 


LEAF SHAPE 


Leaf shape is the simplest of the five analyzed char- 
acters. Wolfe (1993) illustrates three exemplar shapes 
(Text-fig. 4) representing the obovate (widest chord 
perpendicular to the central axis located in apical third 
of leaf), elliptical (widest chord located in median third 
of leaf), and ovate (widest chord located in basal third 
of leaf) conditions. The three vector axes of the eigen- 
shape decomposition of these data (Text-fig. 6) show 
that these exemplar shapes are not evenly distributed 
in the shape subspace. Rather, the obovate and ellip- 
tical exemplars are more similar to each other than 
either is to the ovate exemplar. The reason for this 
somewhat counterintuitive result is readily apparent 
from detailed inspection of the elliptical exemplar (see 
Text-fig. 4) whose asymmetries give it a slightly ob- 
ovate character. 

Modeling the shapes that exist on the plane joining 
Wolfe’s three leaf-shape exemplars, and slightly de- 
forming the implied triangle of shape intermediacy to 
conform to a ternary diagram (Text-fig. 7), shape mod- 
els can be reconstructed at convenient nodal positions. 
Comparison of these intermediate shapes to Wolfe's 
leaf-shape character-state definitions suggests that 
models 1—4, 6, 7, and possibly 8 of Text-figure 7 all 
exhibit the obovate condition. In contrast, shape mod- 
els 13—15 are ovate. The remaining shape models (5, 
9—12 of Text-fig. 7) all match the qualitative elliptical 
leaf-shape definition. 

This simple exploration of the leaf-shape subspace 
constructed via reference to Wolfe’s leaf-shape exem- 
plars, in turn, allows a pattern of chords to be drawn 
within an intermediacy plane (Text-fig. 8). Geometri- 
cal exploration of this shape-intermediacy plane en- 
ables the approximate boundaries of Wolfe’s leaf shape 
character-state classes to be recognized and mapped. 
These boundaries represent results of a continuously 
variable, quantitative assessment of morphological 
variation that eliminates the need for rhetorical de- 
scriptions-definitions in an analytical context. Such 
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VOR Ove 


Obovate Elliptical Ovate Non-lobate Palmate Pinnate 
Leaf Shape Leaf Lobateness 
Emarginate Rounded Acute Rounded 
Acute Attenuate Attenuate Attenuate 
Apex Shape 
Cordate Cordate Rounded Rounded 
Acute Acute Acute 
Base Shape 
Simple Simple Simple Compound 
Blunt Acute Acute Acute 


Rounded Appressed Rounded Rounded 


Marginal Teeth Shape 


Text-figure 4.—Characters and character-state exemplars used to model dicotyledonous leaf physiography in this investigation. Redrawn 
from Wolfe (1993). 
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Text-figure 5—Cartesian representations of mean shape models) 
for each of the five character-state sets shown in Text-figure 4: A 
leaf shape. B. leaf lobateness, C. marginal tooth shape, D. leaf-base 
shape, E. leaf-apex shape. In addition to the mean forms these dia- 
grams illustrate the positions of boundary landmarks used to sub- 
divide the outline into corresponding segments (and so ensure seg- 
ment correspondence) and the number of outline points necessary 
to represent each outline segment to at least the 99% tolerance cri- 


terion. See text for discussion. 
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lext-figure 6.—Ordination of the three leaf shape exemplars in 
97.54%, 4, = 2.06%; 
r 0.40%). In order to visualize the ordination in three-dimen- 


the space of the three eigenshape axes; A, 


sional space imagine that, relative to plot A, plot B is rotated 90 

Note that this ordination delimits a triangular space within a plane 
that is inclined at an angle to the three eigenshape vectors. This 
pace contains the coordinate positions for all shapes that can be 
considered intermediate to the exemplar shapes. Regions of shape 
variation Whose boundaries represent the boundaries of shape vari- 
ation characteristic of each character state will be found within this 


triangular space 


Text-figure 7.—Shape models for a regular grid of positions with- 
in the leaf-shape character intermediacy plane. These models were 
obtained by scaling the three eigenshape vectors resulting from the 
analysis of the exemplar shape functions by the coordinate positions 
of locations within the intermediacy plane (Text-fig. 6) and then 
summing the scaled vectors together in the manner shown in Text- 
figure 2B. Coordinate positions for each model as follows. (1) 1.583, 
0.230, 0.112; (2) 1.597, 0.200, 0.049; (3) 1.611, 0.171, —0.014; (4) 
1.625, 0.141, —0.077; (5) 1.639, 0.111, —0.140; (6) 1.609, 0.092, 
0.092: (7) 1.623, 0.062, 0.029; (8) 1.637, 0.032, —0.034; (9) 1.651, 
0.002. 0:097: (10), 1.636, —0:047, 01071; (11) 1.6505 —0l07a5 
0.008; (12) 1.664, —0.107, —0.055; (13) 1.662, —0.186, 0.051; (14) 
1.676, —0.215, —0.012; (15) 1.688, —0.324, 0.031. See text for a 
discussion of the shape models relative to the definitions of the ex- 
emplar states. Shape model series such as these can be used to ex- 
plore the geometric spaces within which these forms exist and map 


the limits of morphological character-state variation. 


models can usefully supplement textual descriptions of 
the character-state class boundaries, as well as becom- 
ing the subjects of further analysis in their own right. 


LEAF LOBATENESS 


Application of extended eigenshape analysis to 
Wolfe’s (1993) three leaf-lobateness character exem- 
plars (Text-fig. 4) shows that non-lobate, pinnately lo- 
bate, and palmately lobate leaves form an approxi- 
mately equilateral triangular distribution in the shape 
subspace formed by the first three multivariate shape 
vectors (Text-fig. 9). This arrangement suggests that 
pinnately lobate and palmately lobate leaves are as dis- 
tinct from one another as either are from non-lobate 
leaves. Note also that the ordination of these end-mem- 
bers shapes in the subspace is such that neither the 
distinction between non-lobate and pinnately lobate 
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Text-figure 8—Subregions of the leaf-shape intermediacy plane 
that correspond to the character states described by Wolfe (1993). 


Once these regions have been defined and extended into the higher 


dimension so that they represent hypervolumes rather than planar 


regions, they can be used to understand the geometry of character- 
state variation. Even more importantly, shapes within the geometric 
range of the exemplar shapes can be projected into this space and 
compared to both the space-defining exemplars and the set of inter- 
mediacy models. Such exercises can be used to more objectively 
assign morphologies to character-state concepts and (via the ordi- 
nations) test the relationship between shape change and variation in 
a host of other causal or derivative variables. 


leaves, nor the distinction between non-lobate and pal- 
mately lobate leaves, is captured completely by any 
single vector. 

Using these three eigenshape vector functions as a 
starting point, a series of intermediate shapes can be 
modeled for a series of regularly spaced positions 
within the shape-intermediacy plane. Any transition 
between non-lobate, pinnately lobate, or palmately lo- 
bate leaves can be represented as a linear shape-trans- 
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Text-figure 9.—Ordination of the three leaf-lobateness exemplars 


in the space of the three eigenshape vectors; 4, = 88.76%, hi, = 
8.23%: \; = 3.01%). In order to visualize the ordination in three- 


dimensional space imagine that, relative to plot A, plot B is rotated 
90°. Note that is ordination delimits a triangular space within a plane 
that is inclined at an angle to the three eigenshape axes. This space 
contains the coordinate positions for all shapes that can be consid- 
ered intermediate to the exemplar shapes. Regions of shape variation 
whose boundaries represent the boundaries of shape variation char- 
acteristic of each character state will be found within this triangular 


space. 


Text-figure 10.—Shape models for a regular grid of positions 
within the leaf-lobateness character intermediacy plane. These mod- 
els were obtained by scaling the three eigenshape vectors resulting 
from the analysis of the exemplar shape functions by the coordinate 
positions of locations within the intermediacy plane (Text-fig. 9) and 
then summing the scaled vectors together in the manner shown in 
Text-figure 2B. Coordinate positions for each model as follows. (1) 
125575501005) —0:422:5(@2)) 15937 01211, —0:253: (3); 1:6110;5.0:3235 
—0.084; (4) 1.628, 0.434, 0.086; (5) 1.645, 0.545, 0.255; (6) 1.589, 
—0.087, —0.279; (7) 1.606, 0.024, —0.110; (8) 1.624, 0.136, 0.060; 
(9); 1645 (0!2475 0:229: (10) 15602, —0:274, —O:136; (11) 1.620; 
—0.163, 0.033; (12) 1.637, —0.052, 0.203; (13) 1.616, —0.461, 
0.007; (14) 1.633, —0.350, 0.176; (15) 1.629, —0.648, 0.150. See 
text for a discussion of the shape models relative to the definitions 
of the exemplar states. Shape model series such as these can be used 
to explore the geometric spaces within which these forms exist and 


better define the limits of morphological character-state variation. 


formation series via reference to these models. By ex- 
plicitly illustrating intermediate forms in this manner, 
a lobateness shape scale, consistent with the Wolfe’s 
lobateness concepts, can be devised. Such a scale is of 
arguably greater utility than end-member exemplars 
and written descriptions. Text-figure 10 shows the re- 
sults of this modeling exercise. 

Over the range of linear models illustrated in Text- 
figure 10, Wolfe’s (1993) non-lobate concept can be 
seen as being restricted to a relatively small area of 
the shape subspace. Wolfe (1993) did not provide a 
definition of a non-lobed leaf, but a provisional defi- 
nition might be based on the absence of pronounced 
protuberances or sulci arising along the median region 
of the leaf margin. Hickey (1973) provides an arbitrary 
definition of a marginal indentation > 0.25 of the dis- 
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tance between leaf margin and the leaf’s long axis as 
the criterion for lobe-recognition. Under Hickey’s 
(1973) definition, models 1, 2, 6, and possibly 7 of 
Text-figure 10 would described as non-lobed leaves. 
This would imply that the remaining shape models all 
exhibit some aspect of the lobate condition (see also 
Stearn, 1992). 

Within this larger group, Wolfe’s (1993) definition 
of pinnate lobation (a line joining the sulci lies ap- 
proximately parallel to the midrib, or central axis) is 
similarly restrictive. Only models 10, 13, and 15 of 
Text-figure 10 are strictly consistent with this defini- 
tion of the pinnate condition. If Wolfe’s (1993) defi- 
nition is broadened slightly to admit leaves whose in- 
tersulcus lines lie at angles between O° and 30° of the 
central axis, however, models 11 and 14 might be add- 
ed to this group. 

As mentioned above, the definition of palmate lo- 
bation (lobes supported by radial midribs that meet at 
a common basal point, see Stearn, 1992; Wolfe, 1993) 
suffers from being based on a different criterion than 
pinnate lobation. It is therefore possible, in principle, 
for a leaf to be both palmate and pinnate simultaneous- 
ly. The resultant ambiguity might be remedied by fo- 
cusing on the radially directed character of the lobes 
themselves rather than the nature of their support. Re- 
gardless, any reasonably specific geometric definition 
of the palmate character state imposes another set of 
highly restrictive conditions on the realizable shape 
range. Results presented in Text-figure 10 suggest that 
only shapes 4, 5, and 9 meet the palmate criteria. The 
remaining models (3, 8, 9, and 12) specify a broad 
boundary area between pinnate and palmate lobation 
that, at least under Wolfe’s (1993) classification, would 
be correctly assigned to an undifferentiated lobate sen- 
su lato category. 

Taking these results into consideration, an estimate 
of the boundaries between Wolfe’s (1993) leaf loba- 
teness shape classes—including the pinnate-palmate 
distinction—can be quantitatively related to the mod- 
eled shape plane (Text-fig. 11). By combining text- 
figures 10 and 11, a table of leaf lobateness can be 


constructed to guide those wishing to consistently 
score leaves according to Wolfe’s (1993) leat-lobate- 
ness classes. In addition, the data derived from such 
an exercise could be used to further develop and refine 
the relation between leaf lobateness and environmental 
state. 

There are at least two general points worth noting 
about this example. First, without the geometric for- 
malism and ability to explore shape transitions that 
underlies the modeling approach, it seems unlikely that 
shape-class boundary definitions could be sharpened 
as quickly as they were in this analysis. The character 
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Text-figure 11.—Subregions of the leaf-lobateness intermediacy 
plane that correspond to the character states described by Wolfe 
(1993). Once these regions have been defined and extended into 
higher dimensions so that they represent hypervolumes rather than 
planar regions they can be used to understand the geometry of char- 
acter-state variation. 


of the lobate (undifferentiated) region is particularly 
instructive. In the absence of such shape models, it is 
doubtful that the character of shapes that did not fit 
into any of Wolfe’s (1993) three canonical categories 
could have been recognized as easily. 

Second, these models make plain the contingent na- 
ture of many character-state assignments. For example, 
even though the leaf apex in end-member shapes | 
(unlobed exemplar) and 5 (palmate exemplar) is sim- 
ilar—and would be described as acute in both instanc- 
es (see below)—the transitional model 2 exhibits an 
attenuated apex. The apparent reversal occurs not be- 
cause the nature of the tip has changed substantially, 
but because the nature of other aspects of the shape 
(in this case the median and basal regions) are chang- 
ing and forcing a concomitant change in the apical 
region. This coincidence is primarily due to the limited 
number and morphological character of Wolfe’s three 
lobateness exemplar shapes. 


LEAF BASES 

Wolfe’s (1993) leaf-base character is complicated by 
the number of similar exemplars he includes in his 
illustration (Text-fig. 4). Yet, a scattering of the seven 
exemplar shapes in the subspace of the first three ei- 
genshape vectors (representing 99.26% of total shape 
variance, Text-fig. 12) shows them to be arranged on 
or close to a plane inclined to the three vector axes. 
This plane joins the most acute (base characterized by 
straight sides denoting an angle of less than 90° and 
coming to a definite point) and cordate (rounded basal 
lobes extending [basally] below the central axis ter- 
mination) forms. The first vector axis expresses the 
relative width of the basal region, the second captures 
the acute-cordate distinction mentioned above, and the 
third represents the relative depth of the basal region. 
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Text-figure 12.—Ordination of the three leaf-base shape exem- 
plars in the space of the three eigenshape vectors; \, = 81.76%, \, 
= 15.07%: \, = 2.43%). In order to visualize the ordination in three- 
dimensional space imagine that, relative to plot A, plot B is rotated 
90°. Note that this ordination delimits a roughly quadrilateral space 
within a plane that is inclined at an angle to the three eigenshape 
vectors. This space contains the coordinate positions for all shapes 
that can be considered intermediate to the exemplar shapes. Regions 
of shape variation whose boundaries represent the boundaries of 
shape variation characteristic of each character state will be found 
within this quadrate space. 


[Note: for this analysis Wolfe’s (1993) figures were 
assumed to represent the entire basal region.] Within 
this space most of the non-extreme exemplars are ar- 
rayed along, and slightly above, the line that joints the 
narrowest and deepest acute and cordate shapes. 

Using this inclined plane joining the extreme shapes 
as the most representative shape modeling surface, and 
deforming that plane slightly into a rectilinear grid, the 
character of shapes representing linear intermediates 
between those extremes at known locations within the 
space of the first three eigenshape vectors can be de- 
termined. These are shown in Text-figure 13. 

The interpretation of the modeled shape-transfor- 
mation plane is both natural and relatively obvious— 
much more so than the somewhat abstract shape-sub- 
space scattergrams of Text-figure 12. The most striking 
shape-related results revealed by these models are dif- 
ferences in the spatial scope of Wolfe’s (1993) three 
basal-shape character states. Shape models 1—10 of 
Text-figure 13 correspond to his definition of acute leaf 
base morphologies. Hickey’s (1973) classification 
would distinguish three states within this complex: de- 
current bases (concave sides, models I—5 of Text-fig. 
13), cuneate bases (straight sides, presumably corre- 
sponding to models intermediate between rows |—5 
and 6-10 of Text-fig. 13), and acute bases (convex 
sides, models 6-10). 

In a similar vein, Hickey’s (1973) and Wolfe’s 
(1993) cordate state is consistent with shape models 
16-25 of Text-figure 13. Hickey’s (1973) additional 
cordate-type basal character states (lobate, sagittate) 


could easily be represented on a similar shape decom- 
position diagram. 

The broad regions of shape variation that character- 
ize the acute and cordate leaf-base morphologies in 
Text-figure 13 stand in marked contrast to the rounded- 
base state (angle formed by tangents to the basal mar- 
gin, joined at the midrib base are < 180°, but > 90°) 
that, in this analysis, is restricted to models 11-15. 
[Note: the “squared off’ nature of model 15 is such 
that it could possibly be allied with Hickey’s (1973) 
truncate basal state.] This distinction may be more ap- 
parent than real, however. Certainly Hickey’s (1973) 
leaf-character classification would recognize a greater 
number of states in this model set than Wolfe’s (1993). 
Of perhaps more importance from a systematic point 
of view though, is the observation that the difference 
between the acute (model sets 1—5 and 6-7, Text-fig. 
13) and the rounded states (model set 11—15) appears 
qualitatively greater than the difference between the 
two cordate states (model sets 16—20 and 21—25), de- 
spite the fact that, in terms of measured shape differ- 
ence, the intervals these model sets represent are 
equivalent. Based on these interpretations the modeled 
shape subspace can be subdivided geometrically in 
such as way as to render the boundaries of Wolfe’s 
(1993) character-state definitions much less ambiguous 
(Text-fig. 14). 


LEAF APICES 


Like Wolfe’s leaf-base exemplars, his leaf-apex ex- 
emplars (Text-fig. 4) represent a family of alternative 
shapes. In the subspace of the first three eigenshape 
vectors (representing 98.47% of total shape variance), 
these define a twisted, trapezoidal plane formed by 
four outlying shapes (Text-fig. 15). These outliers rep- 
resent the most attenuate and rounded morphologies. 
Interpretation of this shape space also mirrors that of 
the leaf-base analysis. The first eigenshape vector ex- 
presses differences in the relative width of the apex 
region, the second expresses the contrast between ex- 
pansion and contraction of the leaf tip, and the third 
represents differences in the smoothness of the apex 
margin. 

As before, the inclined plane delimited by the shape 
outliers can serve to define a surface on which to re- 
construct a series of shape-deformation models useful 
for understanding the nature of shape transitions with- 
in this character (Text-fig. 16). After correcting for dif- 
ferent orientations, the range of leaf-apex shape mod- 
els is seen to be virtually identical to those of the leaf- 
base shape subspace (compare Text-figures 13 and 16). 
In both cases the upper model range is occupied by 
forms with either straight or concave sides converging 
to a tip. These forms are consistent with the acute con- 
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Text-figure 13.—Shape models for a regular grid of positions within the leaf-base shape character intermediacy plane. These models were 


obtained by scaling the first three eigenshape vectors resulting from the analysis of the exemplar shape functions by the coordinate positions 


of locations within the intermediacy plane (Text-fig. 12) and then summing the scaled vectors together in the manner shown in Text-figure 
2B. Coordinate positions for each model as follows. (1) 1.132, 0.426, 0.040; (2) 1.123, 0.406, 0.044; (3) 1.114, 0.386, 0.048; (4) 1.105, 0.366, 
0.052; (5) 1.096, 0.346, 0.056; (6) 1.019, 0.101, 0.083; (7) 1.030, 0.117, 0.051; (8) 1.041, 0.132, 0.018; (9) 1.052, 0.148, —0.015; (10) 1.063, 
0.164, —0.048; (11) 0.907, —0.224, 0.127; (12) 0.937, —0.173, 0.057; (13) 0.968, —0.122, —0.013; (14) 0.999, —0.070, —0.082; (15) 1.030, 
0.019, —0.152; (16) 0.794, —0.549, 0.170; (17) 0.844, —0.462, 0.064; (18) 0.895, —0.375, —0.043; (19) 0.946, —0.288, —0.149; (20) 0.996, 
0.202, —0.255; (21) 0.681, —0.874, 0.213; (22) 0.752, —0.752, 0.070; (23) 0.822, —0.629, —0.073; (24) 0.893, —0.507, —0.216; (25) 0.963, 


0.384, —0.359. See text for a discussion of the shape models relative to the definitions of the exemplar states. Shape model series such as 


these can be used to explore the geometric spaces within which these forms exist and better define the limits of character-state variation. 


dition, though for this character Wolfe (1993) distin- 
guished between the attenuate or “drip tip’? (concave 
sides) and acute sensu stricto (straight sided) condi- 
tions. Similarly, the lower part of the model range is 
occupied by broadly rounded forms that exhibit a 
smooth boundary (models 11-12 of Text-fig. 16), a 
single, medially located indentation (models 16, 17, 
21, and 22) or multiple and dispersed indentations 
(models 14, 15, 18-20, and 23—25). The primary dif- 
ference between the two model sets stems from 
Wolfe’s (1993) inclusion of a rounded exemplar with 
1 crenulated margin. 


Hickey’s (1973) qualitative classification also re- 


flects this overall similarity between the geometries of 


character states assigned to based and apical complex- 


es. Curiously though, in both Hickey’s (1973) and 
Wolfe’s (1993) classifications, identical shapes are giv- 
en different names when they appear in the basal and 
apical regions (e.g., attenuate, apical vs. decurrent, 
basal). No doubt this counterintuitive nomenclature 
has a historical origin along with an obvious practical 
utility. Nonetheless, it can be a source of confusion 
that is simply not present in the shape-modeling ap- 
proach to morphological analysis. Mappings of the 
leaf-apex character-state boundaries are shown in Text- 
figure 17. 


MARGINAL TOOTH SHAPE 


The most complex system of shape models in the 
Wolfe (1993) dataset is represented by the marginal 
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Text-figure 14.—Subregions of the leaf-base shape intermediacy 
space that correspond to the character states described by Wolfe 
(1993). Once these regions have been defined and extended into 
higher dimensions so that they represent hypervolumes rather than 
planar regions, they can be used to understand the geometry of shape 
character-state variation. 


tooth shape exemplars (Text-fig 18). Wolfe’s four ex- 
emplar shapes can be scattered in an empirical shape 
subspace formed by the first three eigenshape vectors 
(representing 98.44% of the total shape variance). The 
first marginal tooth eigenshape vector embodies the 
contrast between appressed (apical flank concave, bas- 
al flank convex) and rounded (apical and basal flanks 
convex) forms that comes about via rotation of the 
tooth tips forward and down. The second vector pre- 
sents a contrast between a different aspect to tooth 
appression, in this instance via lateral translation of the 
angular sinuses upward. The third vector encodes the 
contrast between simple and compound marginal teeth. 
Within this space, Wolfe’s four shape exemplars define 
a triangular plane that exhibits a distinct bend in the 
region of the mean shape. This complex, bent plane 
presents a convenient surface on which to base this 
character’s shape-model analysis. 

Inspection of the marginal tooth shape models ex- 
isting on this character’s exemplar plane (Text-fig. 19) 
shows the tooth-shape “‘character” to actually repre- 
sent a character complex, with several different and 
overlapping marginal tooth-shape character states re- 
vealing themselves. Both eigenshape analysis and the 
eigenshape-based model series represent all of these 
morphological complexities in a logically formulated, 
linear deformational system. For example, models |— 
9 of Text-figure 19 conform to Wolfe’s (1993) *‘round- 
ed” state (apical and basal flanks convex). This mor- 
phology corresponds to Hickey’s (1973) convex-con- 
vex serration type. Models 10-15 conform to Wolfe’s 
(1993) “appressed” state (apical flank concave, basal 
flank convex) and to Hickey’s (1973) concave-convex 
serration type. A different character-state distribution 
is present for the tooth tips which, in Wolfe’s model 
space, may be acute (apical and basal flanks form a 
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Text-figure 15.—Ordination of the three leaf-apex shape exem- 
plars in the space of the three eigenshape vectors; \, = 89.34%, \, 
= 6.36%: \, = 2.74%). In order to visualize the ordination in three- 
dimensional space imagine that, relative to plot A, plot B is rotated 
90°. Note that this ordination delimits a roughly quadrilateral space 
within a plane that is inclined at an angle to the three eigenshape 
vectors. This space contains the coordinate positions for all shapes 
that can be considered intermediate to the exemplar shapes. Regions 
of shape variation whose boundaries represent the boundaries of 
shape variation characteristic of each character state will be found 
within this quadrate space. 


sharp point) or blunt (no definition provided in either 
Hickey, 1973, or Wolfe, 1993). The former condition 
is represented by models 1—2, 7-8, 10-11, 13, and 15 
of Text-figure 19, while the latter corresponds to mod- 
els 3-5, 8-9, 12, and 14. Finally, models 1-4, 6-8, 
10-12, and 13 exhibit pronounced compound mor- 
phologies (teeth exhibit smaller, subsidiary teeth, typ- 
ically on their basal flanks; no corresponding character 
state given in Hickey 1973), whereas models 4—5, 9, 
12, 14, and 15 exhibit plain margins throughout. Text- 
figure 20 maps the positions of the overlapping char- 
acter-state fields present in this character’s model set. 


DISCUSSION 


The dicotyledonous leaf model sets presented above 
are not intended to represent the last word (or graph) 
in systematic morphometrics for dicotyledonous 
plants. Obviously, Wolfe’s leaf-character exemplar sets 
are far too restricted to be used as a basis for quanti- 
tative descriptions of generalized leaf physiography. 
This is not a criticism of Wolfe’s work because he did 
not set out to create a generalized classification system 
for the description of leaf morphology. As his 1995 
study shows, the physiographical characters he em- 
ployed were sufficient to make detailed and consistent 
inferences about the climates of Tertiary localities. 
Nevertheless, the foregoing exercise in quantitative 
leaf-shape modeling has value in what it reveals about: 
(1) the subtle complexities of this simple, two-dimen- 
sional, shape system, (2) the needs of taxonomists, (3) 
the capabilities of modern imaging technology and nu- 
merical data analytic approaches to address those 
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ext-figure 16.—Shape models for a regular grid of positions within the leat-apex shape character intermediacy plane. These models were 


obtained by scaling the first three eigenshape vectors resulting from the analysis of the exemplar shape functions by the coordinate positions 
of locations within the intermediacy plane (Text-fig. 15) and then summing the scaled vectors together in the manner shown in Text-figure 
2B. Coordinate positions for each model as follows. (1) 1.263, 0.228, 0.196; (2) 1.215, 0.229, 0.132; (3) 1.167, 0.230, 0.068; (4) 1.118, 0.230, 
0.004; (5) 1.070, 0.231, —0.060; (6) 1.161, 0.034, 0.075; (7) 1.123, 0.042, 0.017; (8) 1.085, 0.051, —0.040; (9) 1.047, 0.059, —0.098; (10) 


1.009, 0.067, —0.155; (11) 1.060, —0.160, 0.146; (12) ; 1.032, —0.144 
0.948, —0.098, —0.251: (16) 0.958, —0.353, 0.216; (17) 0.940, —0.330, 0.076; (18) 0.922, —0.307, —0.065; (19) 0.905, —0.285, 


0.047 (13) 1004, —0:129, —0:053; (14) 0:976; —0:113, —O0:152:4C5) 


0.205; (20) 


0.887, —0.262, —0.346; (21) 0.856, —0.547, 0.287; (22) 0.849, —0.517, 0.105; (23) 0.841, —0.487, —0.077; (24) 0.834, —0.456, —0.259; (25) 


0.826, —0.426, —0.441. See text for a discussion of the shape models relative to the definitions of the exemplar states. Shape model series 


such as these can be used to explore the geometric spaces within which these forms exist and better define the limits of morphological 


character-state variation 


needs directly, and (4) the role of geometric morpho- 
metrics in systematics. 

Owing primarily to the relative lack of attention 
paid to leaves as character complexes (Hickey, 1973) 
and botanical descriptive traditions (see Linnaeus, 
1751; Lindley, 1835; Bentham, 1861; Gray, 1879; Lee, 
1948), the systematics of leaf shape in dicotyledonous 
plants—like the comparative morphology of most 
groups—has developed in an ad hoc manner, heavily 
dependent on the availability of adequate exemplars. 
his approach is both justifiable and efficient when 
exploring the morphological ferra incognita of a rel- 
atively unstudied clade. Unnecessary problems arise 


when different terms are applied to the same morpho- 


logical feature and when the same term is applied to 
different morphologies, of course, but these are largely 
matters of communication. As the morphology and 
taxonomy of a group becomes better known, however, 
the opportunity arises to achieve a true systematization 
of morphological concepts that have been observed in 
the group. 

Stearn (1956, 1992) and Hickey (1973) attempted 
to devise such a system for dicotyledonous leaves as 
a whole. Wolfe (1993, 1995) applied the same concept 
to those aspects of leaf morphology that he identified 
as being correlated with different climatic regimes. 
But, because these studies were based on the qualita- 
tive analysis of leaf exemplars, the systematic leaf- 
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Text-figure 17.—Subregions of the leaf-apex shape intermediacy 

space that correspond to the character states described by Wolfe 

(1993). Once these regions have been defined and extended into 

higher dimensions so that the represent hypervolumes rather than 

planar regions, they can be used to understand the geometry of shape 
character-state variation. 


character classifications advocated by these (and other) 
authors remained illusive. All possible shape alterna- 
tives were not systematically considered, much less 
illustrated. Indeed, by relying on traditional definitions 
of leaf characters 


and concepts as to what constitutes 
a nameable morphological feature—all three classifi- 
cations became hostages to ambiguity in several sens- 
es. This ambiguity manifests itself in: (1) different 
types of morphological relationships being used to rec- 
ognize alternative states of the same character (e.g., 
Wolfe’s “lobateness” character discussed above), (2) 
different descriptive terms and definitions being ap- 
plied to the same morphological feature (e.g., see 
Hickey’s, 1973 “‘lobate margin” and “crenulate mar- 


0.4 


5 


00— y 


0,2 - 


mt ae | 


T 
07 0.8 09 1.0 1.1 1.2 -0.4 -0.2 0.0 0.2 04 


Eigenshape 1 Eigenshape 3 


enshape 


zig 


Text-figure 18.—Ordination of the three marginal tooth-shape ex- 
emplars in the space of the three eigenshape vectors; A, = 88.93%. 
dK, = 5.96%: dX, = 3.55%). In order to visualize the ordination in 
three-dimensional space imagine that, relative to plot A, plot B is 
rotated 90°. Note that this ordination delimits a bent triangular space 
both limbs of which are inclined to the three eigenshape axes. This 
space contains the coordinate positions for all shapes that can be 
considered intermediate to the exemplar shapes. Regions of shape 
variation whose boundaries represent the boundaries of shape vari- 
ation characteristic of each character state will be found within this 
bent triangular space. 


Text-figure 19.—Shape models for a regular grid of positions 
within the leaf marginal tooth-shape character intermediacy plane. 
These models were obtained by scaling the first three eigenshape 
vectors resulting from the analysis of the exemplar shape functions 
by the coordinate positions of locations within the intermediacy 
plane (Text-fig. 18) and then summing the scaled vectors together 
in the manner shown in Text-figure 2B. Coordinate positions for 
each model as follows. (1) 0.913, 0.176, —0.286; (2) 0.888, 0.199, 
—0.156; (3) 0.863, 0.223, —0.027; (4) 0.837, 0.246, 0.103; (5) 0.812, 
0.269, 0.233; (6) 0.946, 0.082, —0.230; (7) 0.929, 0.097, —0.090; 
(8) 0.912, 0.113, 0.049; (9) 0.896, 0.128, 0.188; (10) 0.979, —0.013, 
—0.174; (11) 0.979, —0.013, —0.015; (12) 0.979, —0.013, 0.143; 
(13) 0.998, —0.187, —0.070; (14) 0.998, —0.187, 0.088; (15) 1.017, 
—0.360, 0.033. See text for a discussion of the shape models relative 
to the definitions of the exemplar states. Shape model series such as 
these can be used to explore the geometric spaces within which these 
forms exist and better define the limits of morphological character- 
state variation. 


gin” character states), and (3) quantitative ranges of 
non-shape-specific parameters (e.g., aspect ratios) be- 
ing used to establish an apparently discrete, discontin- 
uous morphological classification for aspects of shape 
that were known to vary continuously and broadly 
within, as well as between, species (e.g., see Hickey’s, 
1973 leaf-form characters that were modified from 
Stearn’s, 1956 original form classification). 

The shape modeling approach described and illus- 
trated herein represents an alternative to the more id- 
iosyncratic and qualitative approaches employed in 
these previous attempts to describe, illustrate, and sys- 
tematize dicotyledonous leaf-shape observations. Even 
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Text-figure 20.—Subregions of the leaf marginal tooth-shape in- 
termediacy space corresponding to the character states described by 
Wolfe (1993). Once these regions have been defined and extended 


into higher dimensions so that the represent hypervolumes rather 
than planar regions, they can be used to understand the geometry of 


shape character-state variation. 


more importantly, this approach preserves and extends 
the levels of complexity, accuracy, and flexibility re- 
quired for taxonomic and ecological investigations. 
Specifically, the shape-modeling tools of geometric 
morphometrics make it an easy matter to (1) locate the 
shapes of interest within the hypermanitold of all pos- 
sible shapes (see Kendall, 1984; Goodall, 1991; Book- 
stein, 1991), (2) ensure that corresponding regions are 
consistently matched across all shapes, both actual and 
theoretical (see Bookstein, 1991; MacLeod, 1999), (3) 
accurately represent ordinations of shapes within the 
sample based on consistent linear measures of simi- 
larity, (4) use these ordinations to define points, tra- 
jectories, planes and volumes within this shape space 
that are of interest to taxonomists, and (5) construct 
linear shape-deformation models at points, along tra- 
jectories, and within planes or volumes to represent 
any aspect of shape state or variational mode. Once 
such models are constructed they can be displayed as 
additional exemplars, compared qualitatively to real 
leaves, or compared to prior textual definitions of char- 
acters and character states. Because these shape mod- 
els are referenced to sets of quantitatively defined 
shape vectors, each is unique and uniquely specifiable 
(thus avoiding the problems of inadvertent ambiguity 
in definition or usage), each exists over a complete and 
continuously variable range of possibilities (thus 
avoiding problems involving the arbitrary subdivision 
of shape change continua), and each can be used— 
along with ordination analyses—to understand the 
characteristics of shape variation in the group and ex- 
periment with the full range of species or structure- 
specific shape-related phenomena (e.g., morphological 
integration sensu Olson and Miller, 1958; develop- 
mental constraints sensu Smith et al., 1985; ecophen- 
otypy sensu Wolfe, 1995). 


In addition, the fact that the methods used to analyze 
the shape and construct the shape models are fully 
generalized means that complex organic bodies can be 
subdivided into their traditional taxonomic characters 
and analyzed in isolation from other such parts (see 
MacLeod, 2002b, for additional examples). This 
means that the standard procedures of qualitative tax- 
onomic good practice can be wholly transferred into 
the morphometric realm by altering the level of the 
analysis such that complex morphologies are disas- 
sembled, analyzed, and then those results compared to 
results obtained by corresponding analyses of either 
partially-reconstructed or intact complexes. Moreover, 
the roles of variation in specific morphological com- 
ponents relative to those exhibited by the entire mor- 
phological complex can be explored and used to refine 
both intrinsic (e.g., developmental) or extrinsic (e.g., 
ecophenotypic) control. 

Feeding back the more formal into the biological 
side of morphological analysis, the ability to obtain 
accurate models of morphological structures quickly, 
easily, and with great flexibility has substantial impli- 
cations for the entire field of systematics in general, 
and paleontological systematics in particular, owing to 
the latter's dependence on morphological data. As 
shown above, sets of shape models can be used to 
examine the appropriateness of character-state defini- 
tions by showing whether they provide adequate cov- 
erage for the theoretical or the realized range of shape- 
based morphological variation within specific organ- 
ismal groups. If gaps in this coverage are evident, 
shape models can aid in the development of new def- 
initions—or the modification of old—to address the 
problem. 

Even more importantly, though, shape models can 
be used to explore the boundaries that divide the re- 
alized morphological space within which organic 
forms exist and through which operational taxonomic 
groups are identified. In this sense, the shape-modeling 
approach to morphological analysis can be used to re- 
connect morphology-based taxonomic analysis with its 
main purpose, which is not the search for new and 
better exemplars of morphological characters or 
groups, but rather the continuing exploration of the 
discontinuities of morphological variation between 
species that serve to distinguish one from another. It 
is the origin, maintenance, and patterns of covariation 
responsible for such discontinuities, seen against the 
background of the theoretically continuous pattern of 
morphological variation, that give systematic data 
meaning. In the absence of an ability to access this 
continuous groundmass of possible morphologies— 
which can only be gained via modeling—the system- 
atic assessment of discontinuities in patterns of mor- 
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phological variation becomes much more difficult than 
it otherwise need be. 

Finally, a word about technology. Even though the 
mathematical methods necessary for the construction 
of generalized geometrical shape models from eigen- 
vector data have been available for several decades 
now, part of the reason why these methods have not 
been better integrated into contemporary systematic 
practice is technological. The easy, quick, efficient, 
and flexible quantitative analysis of morphological 
variation in systematics presupposes ready access to 
computers powerful enough to collect, process, and 
manage high-resolution digital images, in addition to 
the software necessary to access, segment, and extract 
spatial data from these images. Fortunately, recent de- 
velopments in the consumer photography and com- 
puter markets have brought sophisticated digital im- 
aging and image processing-measurement within the 
budgets of virtually all serious systematists. Currently 
available digital cameras with circa three-million-pixel 
resolutions produce images of morphological struc- 
tures at a level of detail well above that needed for 
routine shape analysis. For example, the data used in 
this study were collected from images whose basal res- 
olutions were 262,144 pixels. Even these relatively 
low-resolution images (by photographic standards) 
contained more data points than were needed to con- 
strain the outline segments of all the analyzed char- 
acters. 

More limiting is the range and user-friendliness of 
the software used by morphometricians to segment 
these images and extract quantitative information from 
outlines and landmarks. Whereas up until the last few 
years it could be argued that such technological thresh- 
olds prevented most systematists from taking advan- 
tage of morphometric methods in general, and shape 
modeling methods in particular, those issues have now 
been addressed. Commercial products have long been 
available to fulfill this need. In the last few years, how- 
ever, a number of public-domain software packages 
have appeared—some programmed by systematists for 
systematists—that fulfill the basic needs of morpho- 
metric data collection as well as the available com- 
mercial software. In this context, Wayne Rasband’s 
NIH Image Package for Apple Macintosh™ computers 
(http://rsb.info.nih.gov/nih-image/, the equivalent Sci- 
on Image package for Window’s PCs_ (http:// 
Www.scioncorp.com/), and Jim Rohlf’s collection of 
morphometrics software (http://life.bio.sunysb.edu/ 
morph/) deserve special mention. These applications 
are all available via free download from publicly ac- 
cessible web sites. When combined with a digital cam- 
era and the eigenshape data analysis-modeling routines 
used herein (the latter also freely available via public 


website, see Acknowledgments), these systems effec- 
tively remove the technological impediment from 
those interested in pursuing shape-model analyses. 


SUMMARY 


In order to realize its potential as an indispensable 
source of information about the natural environment— 
past, present, and possibly future—systematics must 
improve its Capacity to summarize patterns in morpho- 
logical data and relate those patterns to a wide range 
of other variables. At present, morphological analyses 
are largely undertaken in the same way they have been 
undertaken for centuries, via visual inspection by 
trained taxonomists whose conclusions are influenced 
by the number and quality of morphological exemplars 
(or representations thereof) they have seen during the 
course of their careers. The problems arising from this 
approach are manifested in the breathtakingly low ob- 
served reproducibilities of systematic studies (e.g., Za- 
chariasse et al., 1978; Lipps, 1997; MacLeod, 1998). 
While efforts are continually undertaken to better de- 
fine and systematize the state of morphological knowl- 
edge for virtually all organismal groups, these efforts 
are hampered by the enormous scope of the task which 
grows larger with each passing year (see Kaesler, 
1993): 

Recent developments in the field of morphometrics 
may provide aspects of a solution to this problem. 
With the adoption of a more geometrically focused 
paradigm, refinement in practitioners’ appreciation of 
appropriate analytic targets, and the development of 
new analytic and graphical tools, morphometrics has 
reached the level of sophistication necessary to make 
positive contributions to routine morphological anal- 
ysis in systematics. In particular, the ability of geo- 
metric morphometrics to express its results in terms of 
shape models that can be interpreted in a manner nat- 
ural to qualitatively trained systematists suggests that 
these devices can be of use in providing the range of 
shape exemplars needed by systematists to improve 
their diagnoses. Exemplar datasets assembled with the 
aid of these shape models can help refocus the system- 
atics Community on a structured exploration of the 
morphological discontinuities that can be used to un- 
ambiguously define taxa instead of the endless search 
for more or better morphological exemplars that mere- 
ly represent them. 

In order to make a preliminary evaluation of the 
potential of shape models to improve morphological 
analyses, a morphometric investigation of five dicot- 
yledonous leaf characters used by Wolfe (1993, 1995) 
to infer Tertiary climatic parameters was undertaken. 
In each case, the range of exemplars used by Wolfe 
(1993) to illustrate his character states was analyzed 
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using the extended eigenshape method. The shape 
spaces thus created were used to define shape-inter- 
mediacy surfaces that quantitatively represented the 
limits of exemplar-based shape variation for major as- 
pects of the character’s variational modes. Shape mod- 
eling procedures (described herein) were then used to 
explore these shape intermediacy subspaces within 
each character. The goals of these explorations were 
to identify and illustrate the boundaries between char- 
acter states. Once the character-state system had been 
geometrically defined, the morphometric representa- 
tion of each shape system was then compared to equiv- 
alent graphic and definitional representations taken 
from the paleobotanical literature. In each case the 
morphometric models represented the character con- 
cepts accurately and provided a range of alternative 
morphologies that was a least as great 
stances greater—than was immediately obvious using 


in some in- 


the textual character-state definitions and exemplar il- 
lustrations drawn from real leaves alone. In those cases 
where apparent discrepancies between the morpho- 


metric results went beyond the descriptive-exemplar 


formulations, improvements were indicated in both the 
formulation of definitions and the recognition of ad- 
ditional character states. 

As a consequence of these results, and owing to the 
widespread availability of hardware-software systems 
that can be obtained at very moderate cost, the follow- 
ing recommends are made: (1) additional explorations 
of the potential of geometric morphometrics to con- 
tribute to systematic analyses in all contexts be under- 
taken; (2) students receive increased exposure to and 
training in morphometric methods of data analysis and 
representation; (3) efforts continue to improve the 
quality and user-friendliness of the morphometrics 
software, especially the provision of web-based data 
analysis tools; (4) attempts be made to rehabilitate the 
image of morphometric analyses in the systematics 
community and better integrate morphometrics into the 
corpus of systematic theory (see Macleod, 2001a, 
2002a,b; MacLeod and Forey, 2002, for examples). 
Since the basic data of systematics is morphology, and 
the language of morphology is geometry, it 1s neces- 
sary that systematics becomes more geometric in the- 
ory and in practice. 
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